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I. ISflOEHCTIOH 
fho genetic grouping of soils In sequences has proved to 
To® a valuable tool for the study and correlation of the soil 
series already established and for the prediction of new 
units# Although it may not always be desirable, for carto-
graiAiie reasons, to establish a new aeries by deduction to 
complete a particular sequence, finding in the field the unit 
predicted on the basis of the genetic grouping is quite impor­
tant to the development of theory. Theories interpret facts 
and facts confirm theories# The enlargement of the observa­
tion of facta permits modification of theories to fit them, 
and the modified theories explain better the facts# 
The Des Moines drift lobe (Late Wisconsin glaclation), 
which Includes the Cary and Mankato drifts, covers the central 
and north central parts of Iowa and part of Minnesota# The 
main soils derived from this geological formation have been 
grouped In the Clarion, Lester, and Hayden soil catenas, and 
included in th© Clarion-Webster soil association in several 
soil maps of small scale# 
The sequence m«abers of the Clarion catena, developed 
under prairie vegetation, have been described# Some members 
of the Hayden catena, developed under deciduous forest vegeta­
tion, and some members of the transitional Lester catena have 
also been recognized# 
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Th« imrpos® of this study was to try to find and describe 
th© other aiembera of the Lester and Hayden soil catenasj, pre­
dicted by sequence theory to occur, and to obtain further in­
formation on the sequence relationships of the three catenas* 
A number of samples of the previously recognized soil 
series were collected, and field work was done to find, de­
scribe, and sample the units not yet established which would 
complete the framework of the sequences considered. All sam­
ples were studied in the laboratory and the results obtained 
are presented and discussed in the following pages* 
s 
II. BACEGEOtmP 
A« Soil Sequdno® and Catena Concepta 
In 1946 J^enny (14) suggested the soil sequence as a ge­
netic grouping of soils based on differences in properties at­
tributable to differences in on© of the environmental factors 
of soil foriaation» Corresponding to the five soil forming 
factors, cllMate, vegetation# parent material, time, and to­
pography, five kinds of sequences were recognized, respective­
ly cliBiosequences, biosequences, lithosequences, chronose-
quenoes, and toposequences. fhe first were subdivided into 
thermosequences, hygrosequencea, and others, and the latter 
into clinosequences (based only on erosion effects) and hydro-
sequences (based only on drainage effects) • A peo'ticular se­
quence includes those soils the differences in properties of 
which can be attributed to differences In the single soil 
forming factor considered, assuming that all the other factors 
of soil genesis are essentially constant. 
Wiere&a a natural taxonomlo system groups the soils ac­
cording to-similar properties, a genetic grouping, such as the 
aequence, arranges th© soils according to differences In prop­
erties, taking Into proper account the continuity of variation 
of soil properties expected from the gradual and continuous 
variation of the soil forming factors, what is generally 
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neglected in olaasificatlons of the firat kind. 
In 1941 Jenny (13) derived the fundamental equation of 
soil forailng factors 
a * f (cl, o, r, p, t,#*») 
where a la any soil property, cl ia environmental climate, o 
la organlsas, r is relief, p ia parent material (atate of the 
soil system for t « 0), and t la time ("age" of the soil). 
All variables in the second member of the equation were con­
sidered Independent, what waa contended by Stephena (43). By 
derivation and integration it la possible to evaluate the to­
tal change of any aoll property# To appralae the role of a 
single aoll forming factor in a aoll property, conditiona of 
constancy of all the other factora have to be eatabllahed; 
then the five canonical functlona of pedology may be written 
aa foll©wa(14)f 
Cllraofunctions a =* f (cl)^ ^  « 
Biofunctlons a « f (o)ox,p,t,r,.. 
Llthofunetiona a of (p)cl,o,t,r,,, 
Chronofunctiona a « f (t)ci,o,p,r,•. 
Topofunctlona a « f (r)ci,o,p,t,,., 
All propertiea a^^, Sg, of a aoll, taken together, 
constitute an enaemble 1 (a), which la the soil: 
Soil * 1 (a) a f (cl, o, p, t, r,.«.) 
Prom this equation it la now eaay to expreaa mathemati­
cally the aequencea by the following functional relatlonahipas 
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Climosequencea 
Bio sequences 
Lltlioaequenees 
Chronosequencea 
Topoaequenees 
) =» f (cl) 
) = f (o)j. 
) « f (P)Q 
) - f (t)g 
) « f (r). 
This atudy will be principally concerned with the bloae-
quenee and topoaequenoe concepts. 
The bloaequencea investigated are arraya of aoila with 
propertiea contraatlng largely due to dlfferencea In vegeta­
tion, native prairlea In one extreme, and native deciduoua 
foreata in the other, with transition prairie-foreat or 
forest-prairie In between. The topoaequencea atudied are more 
hydrosequencea than ol&ioaequencea, beoauae more attention la 
given to the drainage factor, aa Indicated by the degree of 
oxidation or reduction and mottling, althouj^ a high correla­
tion aeema to exist in this area between the Internal drainage 
and the slopea of the land# 
fhe concept of topoaequence advanced by Jenny (14) ap­
pears aimllar to that of aoll catena deacribed by Buahnell 
(8), bat an appraisal of the aimilitude aeema to be neceaaary. 
The term "catena^ was suggeated originally by Milne in 
1935 (27) to designate a group of aoila underlain by parent 
rook of uniform character, by analogy to the ahape and linkage 
of a hanging chain* He considered the soil catena a unit of 
mapping convenience and a aort of a claaaificational group# 
In 1902 Marean (23) had already deacribed and interpreted 
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a soil complex Identical to Milne's catena, although he called 
it a soil type and its |iiaa©s« But the recognition of such 
relationahips appears to have long been part of the mapping 
procedure of American soil surveyors. These workers extended 
the term catena to a genetic grouping according to relief, 
which finally was defined in the Yearbook of Agriculture for 
1938 (48) as "a group of soils within one zonal region, de» 
veloped from similar parent material, but differing in charac­
teristics of the solum owing to differences in relief or 
drainage". 
This definition does not imply geographical association 
and the unit so defined is seldom, if ever, used as a carto­
graphical unit, contrary to what Milne did. The explanation 
for this disagreement seems to be the fact that Milne used 
"parent rock", and the Yearbook used "parent material", as the 
variable genetic factor. Soils derived from colluvial depos­
its at footslopes, for example, are excluded from the catena 
of the soils in the slope, according to the American defini­
tion, but Milne included them in the same grouping. Winters 
(56) pointed out that very rarely all members of a catena oc­
cur in geograjfeic association because of limitations in kinds 
of relief between ridge crests and due to the common presence 
of spots of colluvial aiad alluvial parent material in region 
of uniform parent rock. 
In 1943 Buahnell (8) defined catena as Including all 
soil series which are homologous in characteristics due to 
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cllaate, time, vegetation, and parent material, but which dif­
fer In characteristics due chiefly to varied drainage and land 
form# Ihis definition la in good agreement with that of topo-
sequenee, and there aeems to b© no important differences be­
tween the two concepts. 
Bushnell proposed eleven "amjor profiles" for upland and 
terrace soil catenas and nine for alluvial catenas, as the 
simplest components to correspond to, and run the gaimit of, 
all soil series in a soil hydrologic sequence# He also 
grouped the simple catenas in aMltlple catenas, which are 
"groupings of catenas homologous in all features except those 
due to some om formation factor In respect of which there is 
a gradation of characteristics" (8), and indicated the desig­
nations of chronocatena or colllg, byndell, flor-catena, and 
olimo-catena for those grouped in chronological sequence, 
parent material sequence, vegetative sequence, and climatolog-
ical sequence, respectively# According to these ideas, the 
three catenas to be discussed later constitute a flor-catena 
because they are hydrological sequences homologous as to time, 
clifflate, and parent material, and varied as to vegetation# 
Mshnell suggested the use of soil catena as a taxonomlc 
unit, but considering that the members of a catena may not be 
homologous for any soil property but rather exhibit a more or 
less contimious range in properties, t^e suggestion cannot be 
accepted# Catena is a genetic grouping inferred from field 
observations to emphasize or clarify genetic relations among 
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soils, tout not uaefal aa taxonoialc or cartographical unit, 
with exception of aom® catenary complexes or catenary soil as-
aociations which, at times, ar© shown on soil aasoclatlon 
maps* 
B» Soil Forming Pactors of th® Sequeneea Investigated 
Although moat of th© conoluslons drawn from thla study 
can be generalized to all areas of the Clarlon-lebater soil 
association, either in Iowa or in Minnesota, thla brief note 
on soil forming factors Is generally confined, particularly in 
regard to climate, to tfae part of that soil aasociation within 
Iowa llinita# 
1 *  Climate 
The modern climate of Iowa ia of extreme mid-continental 
type (SI), characterized by warm summers, with occaaional hot 
winds and periods of prolonged high temperatiires, rather cold 
and dry winters, moderate rainfall, an average annual relative 
humidity of 72 per cent, with northwest winds prevailing in 
winter and southerly winds predominating from April to Octo­
ber# 
fhe climatic range over the area of the Clarion-Webster 
soil association may be taken from the data of Table 1, com­
piled from the Agricultural Yearbook of 1941 (49), 
Apparently the climate of Iowa has not always been Iden-
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Table !• Cllmafcic features of weather atationa within the 
Clarion-Webater soli association in Iowa 
Station 
ami 
ccmaty 
Jan*July freclpita^ idST 
av# a¥« Growing November April 
t®«p« temp* season throu^ throu^ 
(^F*) (%'») (days) March October Anniial 
hakB Park, 14.5 7S.4 149 
Dickinson 
Goanty 
Forest City, 15.1 73.1 153 
Winnebago 
County 
BamboMt, 
HttmboMt 
County 
17.9 74.2 150 
Iowa Falls, 17.0 73.1 150 
Hardin 
County 
Carrol, 
Carrol 
County 
18.9 74.6 154 
Dea Moinea, 22.1 76.3 175 
Polk 
County 
4.64 21.50 26.14 
6.22 23.99 30.21 
5.79 24.38 30.17 
7.41 24.98 32.39 
5.58 24.96 30.54 
6.61 24.08 30.69 
tical to ^e modern on© since the last glaciation. McComb and 
Loomla (24), and Seara (37) have interpreted several peat pol­
len analyses and concluded that there have been two dry peri­
ods. Th® first authors have Indicated the ages of those peri­
ods based on geological evidence that the Mankato glacier re­
ceded some 20,000 years ago. Correcting the calculations 
according to recent radioactive carbon dates for the Mankato 
glacier recession (22), the first dry period probably occurred 
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2,000 to 4,000 y@ara ago, and the second about 200 to 1000 
years ago (52)* Mh© and Scholtea (35) aagg©at®d that cli­
matic conditions hav« bean about as now for the past 5000 
yeara, with th® exception of a warm period about 1000 years 
ago. 
In this study the soil forming factor climate will be 
considered identical for all soils discussed# 
2# Parent material 
The area of the Clarlon-lebater soil association has been 
covered by the most recent advances of the V^isconsin glacia-
tion, naaely the Cary and lankato aubstages (17), These ad­
vances reached into Iowa 150 miles beyond the Minnesota bound­
ary and covered 14 entire counties and parts of 15 others, 
totaling about one-fifth of the area of the state, and forming 
th© so-called Dea Moines lobe. 
Contrarily to the general accepted view of only a single 
glacier in this lob®, ftihe (33) found evidence to abandon this 
notion# Two aubstages were recognized in this area, the Gary 
and the Mankato# Ttoia, the parent material of the soils stud­
ied is Cary or Mankato glacial till, though it is not essen­
tial to diacriKinate between them because no significant dif­
ferences have been found in their mineralogies. These drifts 
are ordinarily of loam texture, as the analyses further pre­
sented will show, and their clay fractions contain a high 
proportion of montaorillonlte (30). The average depth of 
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leaching of calcium carbonate is about 30 inches (17). Some 
scattered patches of thin Late ffiaconsin loeaa have been found 
In several places (52) {26), but they were avoided when sam­
pling for this study. Glacial outwaah emplaced along aome 
streams and eolluvium and alluvium materials are common in the 
area, but the soils derived from them will not be considered 
here. 
TopQgraTshy 
The topograi^y of t;he Clarion-Webster soil association 
region is mainly undulating to level with incomplete systems 
of upland drainageways and ¥-shaped river valleys showing the 
youth of this glacial drift plain. Small rolling and hilly 
areas are common bordering the valleys of the larger rivers or 
lying in terminal moraines. They generally are the seat of 
the Hayden soil aeries and sometimes of the Lester and Clarion 
soils also* 
The variation of the soil characteristics with topography 
will b© discussed later and will serve as the basis for the 
genetic grouping of the soils in catenas or toposequencea# 
The soils studied are very you.ng because their parent ma­
terial was recently deposited. 
Based on radiocarbon dates, obtained on wood embedded in 
Cary-Mankato and Gary tills, Ruhe and Scholtes (34) indicated 
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11,500 to 13,500 years as the age of the till plain landscape 
wher© the Glarlon-lehster soil association la found. This 
should to® the approxiiaate ag© of the aoils here considered, 
regarding th® fact that but little dissection seems to have 
occurred after the glacial deposition# 
S# VeRetation 
The native vegetation of th® area was prairie and decidu­
ous forests not distributed at random but forming an intricate 
but orderly pattern mostly controlled by slope (41)• 
The original prairie consisted chiefly of big bluestem 
(Andropois^on furcatua) mixed with many other grasses, legumes 
and other forbs, forming a tough and thick sod, and covered 
most of the level areas and gentle slopes. Big bluestem was 
th© dominant species on sites with optimm moisture condi­
tions, and mid grasses were more abundant on drier sites (51)« 
The native forests occupied belts of steep lands along 
the streams and spread slowly over the more gently sloping 
portions of the uplands (41), According to Baker (4), the 
principal tree species of the early forests were essentially 
the same found today# Aikman and Gilly (1) found three dis­
tinct woody coMBittnities on the 2sonea bordering the lower Dea 
Moines river# In order of decreasing mesophytism, these were 
the maple-linden association, the oak-hickory associes, and 
th© shrub associes, the last beat characterized by the mesic 
hazelnut and the more xeric dogwood and sumac* 
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Gleaaon (11) b@li©v®d that the ancestral prairie apeolea 
came into existence during the early Tertiary. Borchert (6) 
stated that the prairie, representing a transition between 
forest and steppe, waa initiated in post glacial times by the 
advent of a waria, dry period, lasting from 3000 to 8000 years* 
A Chang© to more hwaiid conditions from this post-glacial peri­
od of dryness was, according to McComb and Loomis (24), the 
cause of th© currently evident invasion of the grassland bor­
der by forest vegetation. 
Many authors have suggested advances and recesses of the 
forest into or from th® prairie during the several glacial and 
interglacial periods, but far this study only th© post-Late 
lisconsin vegetational cover, which influenced the genesis of 
the soils considered, is important• 
Based on analyses of fossil pollen found on Mankato 
drift. Lane (20) pointed out that coniferous vegetation ex­
isted following the recession of that glacier, fhe coniferous 
species were followed by deciduous forests, and then by pri­
marily glassland species. Thus, grasses seem to have been the 
dominant cover of north-central Iowa in recent past. 
fhe forests have encroached in the prairies of Iowa pri­
marily along stream channels (41), as the existence of transi­
tional soils by those positions indicates. The climate has 
been favorable to tfcia advance of ttie trees, with the excep­
tion of the two dry periods which occurred since the last gla-
ciatlon, daring which the forests would not have advanced but 
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fojp pa3?tlcula3? wetter areas, such aa those corresponding to 
actual peat beds. 
But there appear to be aooie factors which retard the for­
est ad'srance into prairie areas* MoComb and Loomls (24) sug­
gested prairie fires, grazing by buffalo, drought cycles, the 
coHipetitive ability of the tall grasses, and soil and moisture 
conditions, aa reasons for the ppesence of the prairie, of 
Aioh climate and soil differences seem to be the most impor­
tant# They considered the following soil factors as those 
moat affecting the advance of forests« (a) soil reaction of 
iramatur® aoila derived from calcareous materials, (b) high 
fertility of prairie soils# which favor dense grass and sod 
growth, and (c) soil aeration or oxidation-reduction poten­
tials# Also, according to Wild et §!• (54) a higher water 
table May exist under grass than under forest vegetation, and 
the timber growth is more affected by excess moisture than 
grasses# 
The influence of prairie and forest vegetations and re­
spective transitions on soil characteristics will be presented 
later, when discussing the three biosequences studied# 
C# Soils and Sequences Previously Established 
The soils studied are found in north-central Iowa and 
southern Minnesota in the so-called Clarion«lebster soil as­
sociation (see B'ig# 1)# They are derived from the Late Wis-
Pig. 1. Principal soil associatioa areas in Iowa and location 
of the profiles sampled 
PRINCIPAL SOIL ASSOCIATION AREAS INI IOWA 
*^scw MPS 
CL 
2 4  M  a  p p r o  
w i i D i i n w m ^  
PRINCIPAL SOIL ASSOCIATIONS 
I O W A  A G R I C  E  X P T  S T A  
in COOPERATION with 
oiv OF SOILS SU R V E Y ,  
U . S .  D E P T  O F  A G R I C .  1 9 4 8  
F F R S G D S  1 9  5 2  
CC ' CARRINGTON AND CLYDE 
CKC CRESCO*-KASSON*A CLYDE 
CL' CLINTON A LINDLEY 
CW'CLARLON A WEBSTER 
F FAYETTE , 
FDS FAYETT'E, DUBUQUE, A STONY LAND 
GH GRUNDY A HAI6* 
GPS GALVA*, PRIMGHAR* A SAC* 
M. MARSHALL 
MIH MONONA* IDA* A HAMBURG* 
* NEW NAMES NOT ON COUNTY SOJL MAPS 
8 SO(LS OF BOTTOMLANDS 
MO' MOODY* 
MPS. MARCUS, PRIMGHAR* A SAC* 
MT: MAHASKA* A TAJNTOR* 
SEW STORDEN* CLARION, A WEBSTER 
SGH: SHELBY, GRUNDY, A HAIG* 
SSE SHELBY. SEYMOUR* A EDINA 
SSW. SHELBY, SHARPSBURG*. A WINTERSET* 
TD' TAMA a DOWNS* 
TM'TAMA a MUSCATINE 
WL^ WELLER A LINDLEY 
ABRUPT BOUNDARY 
TENTATIVE BOUNDARY I i'fin 6RADATI0NAL BOUNDARY 
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congin glacial drift and have been grouped in three topoae-
quences or catenas and three Mosequences as shown in Table 2» 
The Clarion soils are developed on slopes ranging between 
2 and 12 per cent* They have a dark brown surface, with silt 
loam or loam as dominant texture. The subsoil has about the 
same texture as the surface, but the color is yellowish brown# 
Lime la usually encountered at 20-40 inches* Natural drainage 
is adequate* This series was established in Hamilton County, 
Iowa, in 1917 (10)• In some old published county soil maps it 
was shown as Carrington series* 
The licollet soils are intermediate between the Clarion 
and the Webster* The surface is dark brown to black, and 
neaitral to slightly acid. The subsoil is faintly mottled with 
yellowish and olive colors* They occur on slight ridges in 
those areas of doainantly \febst®r soils and on the more level, 
broader ridges in the dominantly Clarion soils areas* Coauaon 
slopes are 1 to 2 per cent* Although the drainage problem is 
not acute, tiling is often beneficial* Lime is usually found 
at depths of 20 to 30 inches* Nicollet soil series was estab­
lished in licollet County, Minnesota* These soils have been 
included with the Webster soils in the past, usually as Web­
ster loam* 
The Webster soils occur on slopes of 0 - 2 per cent and 
are naturally poorly drained. They are black colored, medium 
textured, moderately permeable, and nearly neutral* Subsoil 
horizons are gleyed* When adequately tiled they are araong the 
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Table 2* Th© series .forming some soil biosequencea and topo-
aeqm®ne«s of central Iowa 
feioaequenoea 
foposeauences• 
Under 
crairie 
^^ransition 
prairie-
trees 
Under 
trees 
Well 
drained 
Clarion Lester Hayden 
Moderately 
well 
drained 
Nicollet Le Sueur ? 
Poorly 
drained 
Webster ? Ames 
ffloat productiY® in the atat©, requiring no lime, but respond­
ing well to P- and K- fertilizers. The Webster aeries was 
establiahed in Clay County, Iowa, in 1916 (39)• 
Th® Lester aoila are intermediate in character between 
th® Clarion and th© Hayden soils* They are moderately dark 
colored, medium textiared, moderately to moderately slowly per­
meable aoila, developed under a mixed grass and forest vegeta­
tion. A weak platy Ag horizon and some accumulation of clay 
in the B horizon are important characteristics. The Lester 
series was established in Dakota County, Minnesota, in 1945, 
The Le i&aeur soils are the equivalent to Nicollet soils 
under a mixed grass and forest vegetation. They are moderate­
ly dark colored, moderately well drained, and more acid than 
licollet soils. Lira© la only found below 56 inches. The Le 
Sueur series was mapped for the first time in 1943, in Le 
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SueuJ? County, Minneaota (42), but It had been previously es­
tablished in Faribault County, Minnesota* 
The Hayden soils are light colored, medium textured, and 
moderately permeable, with adequate natural drainage. They 
occur on 2 to 10 per cent slopes and are developed under for­
est vegetation# They have an evident leached and platy Ag 
horizon and a horizon of clay accumulation with well developed 
blocky structure# fhe Hayden series was established in 1929 
in Hennepin County, Minnesota, and it was mapped in the past 
as Miami, Conover, Lindley, and toes series (12)# 
The Ames soils# developed under forest vegetation, are 
light colored, medium textured, and slowly permeable soils. 
They are level to nearly level and are characterized by a 
distinct gray A2 horizon immediately above a compact clay or 
clay loam, slowly permeable B horizon# Artificial drainage ia 
necessary for best production, but tile does not function very 
aatiafactorily# The Ames series was established in 1936 in 
Story Comty, Iowa# 
The Intermediate member of the lebster-Ames biosequence 
has not been described in Iowa# In Minnesota a series called 
Itandas has been tentatively established in Rice County, which 
tries to fit this position (52)# But comparing its morj^olog-
ical description* with that of the intergrade found in Iowa, 
Unpublished tentative description of Dundas series by 
I.J.l# in 1-8-1946, and revised in 12-1950# Div# of Soil Sur­
vey# B#P,I.S#A#E,, A*R.A., XI.S.D.A#, will be presented later# 
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the two soils camiot be considered identical. It aeema that 
the unit later defined in thia dissertation is closer to the 
lebater, whereas the Itondas aeries is closer to the Ames. 
ftit no physical or chemical analyses of the Dandas soils have 
been published to permit a final decision on that. 
Th® intermediate member of ttie Hayden-Amea catena haa not 
been described anywhere. 
Complete morphological descriptions of the nine members 
of all the sequences will be presented in the next chapter# 
Clarion and Nicollet soils have been included in the 
Brunizem great soil group. Webster aoila belong to the 
liesenboden. Hayden soils are Gray Brown Podzolic soils. 
Ames soils are classified as Planosols. Lester and Le Sueur 
are transitional soils whidb. may be classified as Brunizeaa or 
Gray Brown Podzolic aoila according to their degree of devel­
opment. White (52) has proposed the establishment of a new 
great soil group to siiapllfy the classification of these 
transitional soils. Thia proposal seems not to be acceptable. 
I'he number of classes of a classification system would soon 
reach an astronomical number if all transitional aoila de­
scribed were grouped separately at that level. Their separa­
tion at a lower categorical level seems to be the preferable 
way to follow. 
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III. IlVESriaATIOMS 
A. Field Studies 
1» Soil aampllpg 
To become acquainted with the previously described soila 
of tfae region, and to find, locate, describe, and sample the 
unknown members of the sequences indicated in Table 2, the 
central part of the state of Iowa was crossed in several di­
rections. Fifty profiles were described, and samples were 
taken of some of them considered cloaer to the central concept 
of each unit. 
Samples of tiae Clarion, Webster, and Le Sueur soils were 
not collected at this time because proper samples were already 
available* 
At each selected profile site a pit was dug with a verti­
cal south ©xpoaxre on which the horizons were marked. Ade­
quate description of each horizon was written prior to sam­
pling. Bulk samples were taken from each horizon for mechani­
cal and chemical analyses, and core samples of some horizons 
were obtained for preparation of thin sections to be studied 
with the petrographic microscope. 
The location of all profile samples is shown in Fig. 1. 
It was possible to find ttie desired missing sequence mem-
2B 
bera; but the Hayden-Ames^ unit seems to have a very small 
area! distribution. 
2« Morphologieal deaoriptiona 
Detailed morphological descriptions of th© collected sam«-
plea of th® nine sequence members are now presented# Unless 
otherwise stated, the terminology followed is that of the Soil 
&irv6y Mamal of the U. S. Department of Agricultiire (50). 
Colors are usually indicated for moist conditions. 
Fm 97 * Clarion loam 
locations Si Si HI, See. 7, f98K, R35W, Dickinson County, 
Iowa. 
Vegetations Bluegrasa sod. 
Slopes 3 per cent to 5 per cent. 
Collected in a readout bank by F. F. Eiecken, M. B. Kussell, 
and H. L. Hoe|^ in 1944 (32). 
0- 8" Dark browa^ granular loaa. 
Ag 8-16" Dark brown grading into dark yellow brown in lower 
part, with some variegation of these colors} tex­
ture is loam; weakly developed subangular blocky 
structure. 
B 16«*28" Dark yellow brown heavy loam, with weakly dev©l» 
oped subangular blocky structure. 
C 28-60" Dark yellow brown grading into dusky yellow or 
light yellow brown at about 40 inches; some faint 
In this dissertation the transitional Webster-Ames soil 
will be called "Webster-Ames soil", and the Hayden-Ames inter-
grade will be called •'Hayden-Ames soil". 
'Colors according to Misc. Publ. 426, U.S.D.A. 
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olive mottlinga at lower depths; structure is maa-
si^ei calcareous; texture is fl^ditun loam. 
fm 563 - Hicollet clay loam 
Loeatioixi 65 yards 1 of SW corner, 1 aide of the road of SW SW 
See* 14, T84I, 12@W, Jackson Twp,, Boone County, 
Iowa. 
Vegetationf Blue grass sod« 
Slop®! 2 per cent facing E# 
Collected in a readout bank by J. Cardoso and R» Prill, on 
June 29, 1956* 
0-ll« 
As 11«.15« 
Bi 
B, 21 
lS-20" 
20-25" 
B, 22 25-29' 
Bg 29-34' 
54-39« 
Black (lOlTR 2/1); clay loaai moderate medium 
granular to msk fine subangular blocky struc­
ture; friable. 
Black to very dark gray (lOlffl 2»5/l); clay loam; 
weak to moderate fine subangular blocky struc­
ture; friable# 
Very dark gray (lOIH 3/1); clay loam; moderate 
fine subangular blocky structure; slightly firm 
to friable. 
Black to very dark gray (lOlR 2.5/1), and very 
dark gray brown to dark brown (lOYR 3/2.5); very 
dark gray brown (lOYR 3/2) when crushed; clay 
loam; moderate fine subangular blocky structure; 
slightly firm. 
Very dark gray i l O Y R  3/1) and olive brown to 
light olive brown (2.5y 4.5/4); clay loam; weak 
medium auban@ilar blocky structure; slightly 
firm. 
Light olive brown (2.§y 5/4) with many very dark 
gray brown {2#5y 3/2) coatings on the peds; sandy 
clay loam; weak fine subangular blocky structure; 
friable. 
Li^t olive brown {2.5Y 5/4) with many light 
olive brown (2.5Y 5/6) and common very dark gray 
brown (2.5Y 3/2) coatings on the peds; sandy clay 
loam; weak fine subangular blocky structure; 
friable. 
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Co 39" + Light yellowish brown (2*5Y 6/4) with common 
light oliv® brown i 2 m S I  5/6) and li^t gray (2.5Y 
1/2) mottlesI sandy clay loafflj calcaroouaj maa-
ai"^© atructurej friablej few aplotchea of iron 
and manganese* 
P. 137 - Webster clay loaa^ 
Ijocationi ^  feet E of SI of N1 of Sec. 8, T93N, R29W, Hum­
boldt County, Iowa» 
Vegetation: Blue grass• 
Slopes 0«5 per cent* 
Collected by It J, Nygard and P. F. Riecken on September 27, 
194S in the headland next to a recently plowed field on a very 
slight rise* 
A  O- 8" Dark brownish black granular clay loam. Well 
developed granules about ^ inch in diameter, 
which in turn crumble to finer granules. Roots 
abundant. Worm casts frequent. Pew pebbles of 
granitic origin. Slightly sticky when wetj 
sli^tly hard when dry. 
8-13" Brownish black granular clay loam. Moderately 
stable granules l/l6 to 1/8 inches in diameter. 
Nmerous roots and worm casts. Pew pebbles, one 
doloaltic. Soil mass firm when moist, slightly 
hard when dry# 
IS-l?" Brownish black sharply granular clay loam. The 
soil mass has an olive black cast* Moderately 
stable granules about 1/8 inch in diameter. Paw 
roots and worm casts. Pebbles more numerous than 
in layer above. Soil mass firm iriaen moist. 
B 17-21" Dusky olive, black, and weak olive angular granu­
lar clay loam. Stable granules 1/32 to 1/8 inch 
in diameter. Few roots and many worm casta. 
Many pebbles* Soil mass firm to very firm when 
moist. 
# 
Description taken from the mimeographed files of the 
Soil aarvey Laboratory of the Agronomy Department, Iowa State 
College, Ames, Iowa. 
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21»26" Dusky olive and weak olive in about equal propor­
tions clay loaia» Stable subangular fine blocks# 
Few roots, old root channels, and worm casta# 
Many pebbles and few shale fraj^nents. Soil mass 
firm when moist# 
2@-Sl" leak olive and pale olive calcareous clay loam, 
mottled with rusty spots and yellow brown# Weak­
ly developed subangular blocks. Many pebbles, 
several dolomiticj numerous lime nodules* Few 
root channels somewhat darker than soil mass# 
Soil mass firm when moist# 
31-37" Pale olive, mottled with low contrast colors, 
calcareous loam# No structure evident; no roots* 
Mai^ pebbles of granitic and dolomitic origin, 
few shale fragments and segregated lime# 
S7-43*' Light olive gray and pale olive loam mottled with 
yellow brown, strong brown, and dark orangej 
hi^ly calcareous} lime nodules numerous# 
43-50'' Li^t olive gray calcareous loam till splotched 
with yellow brown, strong brown and dark orange# 
S0*»60" Light olive gray and strong yellowish brown cal­
careous loam till# 
P# 561 • Lester loam 
Loo at ion f 140 yards II of SE corner, 40 yards E of road, of NE 
SI Sec# 19, fSSH, R22W, Nevada Twp#, Story County, 
Iowa# 
Vegetation! Scattered trees in transition to prairie# 
Slopei 5 per cent facing N# 
Collected by J# Cardoso and R# Prill, on July 21, 1955# 
0- Black to very dark gray (lOYR 2.5/1) j loamj weak 
fine platy and weak to moderate fine granular 
structure; friable# 
A2 3- 7" ¥ery dark gray to dark gray (103® 3#5/1) and very 
dark gray to very dark gray brown (lOYR 3#5/2} 
with coimaon lig^t gray T2#5Y 7/2-dry) coatings on 
peds; loam; weak medium platy structure; friable# 
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7-11" Dark gray to dark gray brown (lOYR 4.5/2) with 
many dark gray to gray (lOYR 4,5/l) coatings on 
pedaj dark gray to dark gray brown (lOYR 4.5/2) 
when cruali®d} few to common llg^t gray (2»5Y 7/2-
dry) coatings on pedsj sandy clay loamj moderate 
fin® aubangular blocky structure? firm# 
Bjs 11-18** Yellowiah brown (lOYR 5/4) with common dark gray 
(lOIR 4/1) and a few light gray (2.5Y 7/2-dry) 
coatings on peds} sandy clay loami moderate to 
strong fine saban^ilar blocky structure} firm. 
B3 18-22" Yellowish brown (lOYR 5/6) with few to common 
dark gray (lOYR 4/1) coatings on peds; sandy clay 
loam J wealc to moderate fine to medium subangular 
blocky structure, with tendency to massive; firm 
to very firm. 
Ci 22-32" YellowisSi broim (lOYR 5/6) with few dark gray 
(lOYH 4/1) and dark gray brown (lOYR 4/2) coat-
iaga on peds; sandy clay loam; firm to very fiwi# 
Cg 32" + Ll^t olive brown (2.SY 5/5) with few dark gray 
brown (2.5Y 4/2 and lOYR 4/2) mottles; calcareous 
sandy clay loam; massive; friable. 
f« 489 - Le Sueur ailt loam 
Locations HW IE SW Sec, 21, T80M, R241, Crocker Twp., Polk 
County, Iowa. Using the junction of Iowa route 60 
and County gravel road as reference point, this site 
la located 300 feet K and 250 feet 1, in cultivated 
field, about 75 feet N of woods. Somewhat poor 
natural drainage. 
Vegetations Trees seem to have encroached on this area from 
ravines and hilly slopes along small stream to the 
E. The original vegetation was foreat-prairie 
transition. The late cover was corn in 1953, oats 
in 1952, and corn in 1951. 
Slopes 2 per cent facing E. 
Collected on October 1, 195S by R. J. McCracken (25). This 
area intergradea to Ames soil to the S and to Nicollet aoil to 
the H. 
A 0- Dark gray (lOYR 4/1) silt loam with spots and ped 
^ coatings of very dark gray (lOYR S/l); friablef 
moderate medium granular structure. 
E7 
Dark gray (lOYK 4/1) with very dark gray (101® 
S/l) eoatii^gsj allt loam; friable; weak medium 
granular struetmre. 
Color and coatings as above; silty clay loamf 
friabl®! very weak fins auban^lar blocky struc­
ture; few fine soft dark concretions. 
Dark grayish brown (lOYR 4/2) with nearly con» 
timoua thin coatings of very dark grayish brown 
(1010? 3/2) and a few thin cc»tings of dark gray 
(lOlR 4/1); ailty clay loam; slightly firm; weak 
to moderate fine aubangular blocky structure; a 
few fine soft dark concretions# 
Dark grayish brown (lOYR 4/2) clay loam with 
thin discontinuous coatings of very dark grayish 
brown (lOlR 3/2) and a few fine mottles of pale 
brown (lOYR 6/3) and light yellowish brown IlOYR 
6/4)J firm; moderate medium aubangular blocky 
structure; a few thin discontinuous clay films 
on peds» 
Dark grayish brown (lOYR 4/2 and 2.5Y 4/2) and 
ll^t brownish gray (lOYR 6/2) clay loam; with 
coaraion fine mottles of strong brown (7,5YR 5/6)> 
firmi moderate medium subangular blocky struc­
ture; common fine soft dark concretions* 
Dark grayish brown (lOYR 4/2 and 2 m S Y  4/2) and 
light brownish gray (2.5Y 6/2) clay loam with a 
few medium mottles of strong brown {7»5yR 5/6); 
firm; weak coarse subangular blocky structure• 
Ifight brownish gr«^ (2»5y 6/2) and light yellow­
ish brown (2«5y 6/4) clay loam; firm; massive; a 
few fin® soft dark concretions. 
C„ 41-60« Light brownish ^ay C2.5Y 6 / 2 ) ,  light yellowish 
brown (2,5Y 6/4), and olive yellow (2.5Y 6/6) 
clay loam; friable to slightly firm; massivei 
calcareous• 
Fm 567 - (Webster-Ames) silt loam 
Locationi In a road out, E side of the road, SB corner of NE 
N1 Sec. 21, florth Twp., Boone Cotmty, Iowa. 
Vegetations Blue grass very close to deciduous trees. 
Ag 8-11" 
Ag 11-15" 
15-19" 
B21 19-24" 
Bgg 24-29« 
Bg 29-35" 
Gj 35-41« 
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Slop#J 0.5 per cent. 
Collected by J• Cardoao and R. Prill, on July 2 0 ,  1955. 
A, 0- 3" Blaek to very dark gray (lOlffi 2.5/1) j very dark 
brown to very dark gray brown (lOYR 2.5/2) irtien 
crashedi silt loam; weak fine platy structure; 
friable. 
Agi 3- 7" Very dark gray ClOTfR 3/1) j very dark gray brown 
(lOIR 3/E) when ©rushed} ailt loamj moderate to 
atrong fine platy struetijrej friable. 
Ago 7-10" Sam© colors aa above} ailt loamj weak to moderate 
mediuffl platy structure} friable* 
10-16** Very dark gray brown (lOYR 3/2) peda covered with 
continuous very dark gray (lOIB 3/l) coatings} 
few to coraaon li^t gray (2.5y 7/2-dry) coatings 
on peda} ailty clay loamj moderate fine subangu-
lar blocky structure} friable to firm. 
B2X 16-19** Dark gray brown (lOYR 4/2) peda covered with con­
tinuous very dark gray (lOYR 3/1) coatings} few 
li^t gray (2.SY 7/2-dry) coatings on peda} silty 
clay loam} atrong fine aubangular blocky atruc-
tur@} very firm. 
®22 aame as above, except slightly heavier tex­
ture and leas light gray (2.5Y 7/2-dry) coatings. 
®31 22-25® Dark brown to brown (lOlfR 4/S), with many very 
dark gray (2 .SIT 3/0) and very dark gray brown 
(ion 3/2), and comaon light olive brown (2»5Y 
5/4) mottles} clay loam} moderate medium aubangu­
lar and maaaiv® structure} very firm. 
Bgg 26-32" Light olive brown (2.51 5/4) with coaaaon very 
dark gray (BY 3/1) ataina and few yellowish brown 
(lOYR 5/6) mottles} clay loam} laasaive} very firm 
to firm. 
C. 32-45" Light olive brown {2.5y 5/4) and olive (5Y 5/3) 
with few to common very dark gray {5Y 3/l) ataina 
and comon yellowish brown (lOYR 5/6) mottles} 
sandy clay loam} massive} friable to firm. 
Go 45** + Olive (5Y S/3) with many yellowish brown (lOYR 
5/6) mottles and a few very dark gray (5Y 3/1) 
stains} loam} massive} friable. 
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401 - Jlayden silt loam 
Locationt SI cormr of Sec. S4, R27W, T87N, Webster County, 
Iowa. About on© half mile SW of tfa© road between 
Seo* 54 and Sec* 55* 
¥eg®tatiom Trees (oak, biroh, butternut, and hickory) and 
grass# 
Slope I 10 per cent facing SE« 
Collected by E, 1. White, E, Poth, and A. J* Green in October, 
1951 (12)• 
0» 3" Very dark gray (lOIR 3/1) friable silt loam with 
granular structure. 
Jko 3- 7® Dark grayish brown (lOYR 4/2) friable silt loam 
with very weak platy to small blocky structure# 
Numerous root holes and worm holes are filled 
with surface soil# 
Ag Y^ll" Dark brown (lOYE 4/S) friable loam with weak 
small blocky structure. A few mimte angular 
pieces of rock. 
11-16" Dark brown (lOYR 4/3) slightly plastic clay loam 
with small blocky structure. Small angular 
pieces of rock a little larger than those in 
horisson above. 
Bg 16-21" Dark grayish brown (lOYR 4/2) slightly plastic 
21»26" clay loam with aaall blocky structure. Small 
angalar pieces of rock a little larger than those 
in the horizons above. 
26*31*' Xellowiah brown (lOXR 5/4) on the exterior and 
51-36" dark grayish brown (lOYR 4/2) in the interior of 
small blocky structure. Slightly plastic clay 
loam; small pieces of ahale and limestone pres­
ent. 
C 36-42" Yellowish brown (lOYR 6/4) on the exterior and 
dark grayish brown (lOYR 5/4) in the interior of 
the massive staracturej very friable loam. Lime­
stone fra@aents and pieces of weathered shale are 
present. Calcarems. 
A sample of Hayden soils was also taken by the author, in 
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Polk County on July 18, 1955, bat was uaed only for the micro­
scopical study* It was designated as P» 562, and had horiaons 
identical to those of the P» 401 hut at th© following depths? 
0-2, 2-6, 6-10, 10-14, 14-18, 18-22, 22-26, 26-32, and 32 + 
inches* 
P, 565 - (Hayden-Jlffles) silt lowft 
Iiocatloni In a road cut, M aide of the road, 80 yards W of SE 
corner of SI SW, f8gH, R24W, Palestine Twp#, Story 
County, Iowa# 
fegetations Blue grass, very close to trees. 
Slopes 1»6 per cent facing KE* 
Collected by J# Cardoso and R» prill, on July 21, 1955# 
0-5® ¥ery dark gray to dark gray (lOYR 3.5/1) j dark 
gray brown ClOXR 4/2) when crushedj silt loam; 
moderate fine granular structure; very friable. 
^21 Dark gray brown to dark brown (lOYE 4/2.5); silt 
loasij moderate fine platy structure; very fria­
ble. 
Ajja 8-14- Dark brown to brown (lOYR 4/3); silt loam; weak 
to moderate ffi^ium platy structure; friable. 
®11 3.4-17" Brown {lOYR 4.5/3) with many light gray (2.5Y 
7/2-dry) coatings on peds; loam; weak medium 
platy and moderate fine subangular blocky struc­
ture; friable to firm. 
Bio 17-21 •* Gray brown to brown (lOYE 5/2.5) with many dark 
gray {lOYn 4/1) and light gray (2.SY 7/2-dry) 
coatings on peds; "heavy" loam; moderate medium 
subangular blocky atinicturej firm. 
BgT. 21-24" Dark yellowish brown to yellowish brown (lOYR 
4.5/4) with many very dark gray to very dark gray 
brown {lOIE 5.5/1) and few light gray (2.5Y 7/2-
dry) coatings on peds; clay loam; moderate to 
strong medium aubangular blocky structure; firm 
to very firm. 
31 
Bog 24-27" Sam® as above, but the texture is aandy clay 
loam, very olos© to clay loam* 
B3 27-31® Yellowish brown (lOYR 5/6) with cc»Bitton very dark 
gray to very dark gray brown (lOYR 3/1.5) coat­
ings on peda} very few dark iron concretions? 
aandy clay loaroj weak laedium aubangular blocky 
to massive structurej firm to very firm. 
Cj, 51-42" Yellowish brown (lOTE 5/6) and gray brown {2»5y 
5/2) with few to common very dark gray to very 
dark gray brown (lOYR 3/1.S) coatings on pedsj 
aandy clay loami maaaive structure; firm. 
Cg 42" •*' Yellowish brown (lOYR 5/5) with common to many 
gray brown (2«SY 5/2) mottles and very few coat­
ings on peds as above; loam; calcareous; massive 
structure; friable* 
Fa 563 Ames silt loam 
LocationI 30 yards S of the road, on IW corner of SW SE, T83N, 
H26W, Worth Twp», Boone County, Iowa# 
Vegetationi Blue grass encroaching in deciduous trees. 
SlopeI 1 per cent facing S* 
Collected by J. Cardoso and R. Prill, on July 19, 1955. 
0- 4" ¥ery dark gray (lOYR 3/1); silt loam; weak medium 
to fine platy and moderate fine granular struc­
ture; friable; abundant roots and root channels. 
Agi 4- 9" Dark gray (lOYR 4/1) with common gray brown (lOYR 
5/2) mottles; silt loam; moderate medium platy; 
friable; abundant roots. 
Ago 9-15" Sam® colors as above plus common light gray {2.5Y 
7/2-dry) coatings on peda; silt loam; strong fine 
and medium platy structure; friable; abundant 
roots. 
Bg, 15-20" Yellowish brown (lOYR 5/4) peds covered with 
thick very dark gray to dark gray (lOYR 3#5/1) 
coatings; a very few light gray (2.5Y 7/2-dry) 
coatings are also present; clay loam; strong fine 
aubangular blocky structure; very fim; only a 
few roots. 
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Boo 20-24™ Same colors as above bat without light gray coat­
ings i the coatings on peda are thickerj "heavy" 
olay loamj very firmj no roots; structure as 
above• 
24-30" Yellowish brown (lOYR 5/4) with few to coBiraon 
dark brown to brown (7.SYR 4/4) and few strong 
brown (7»5YB 5/6) mottles, and common black to 
dark gray (5Y 2.5/1), very dark gray to dark gray 
(5Y S#5/l), and olive gray (5Y 5/2) coatings on 
pedaj clay loamj moderate fine to medium subangu-
lar blocky structure, tending to massivej very 
firmj no roots* 
30-40" Yellowish brown (lOYR 5/4) with conaaon gray brown 
(2f53f 5/2) and few to common black to very dark 
Gray {5Y 2i.5/l), very dark gray to dark olive 
gray {5Y 3#5/2) and dark gray (5Y 4/1) coatings 
on peds, and few strong brown (7.SYR 5/6) fine 
mottles; sandy olay loam; massive; very firm# 
C2 40" + Ll^t olive brown (2»5Y 5/4) with many gray brown 
(2f5I 5/2) and few to common yellowish brown 
(lOYR 5/6) mottles; a very few coatings on peds 
as above; sandy clay loam; massive structure? 
firm; calcareous* 
B. Laboratory Methods 
The bulk soil samples collected were first air dried, 
then ground sufficiently to pass a two-millimeter square hole 
wire mesh screen. Traces of roots and straw were found some­
times bat they were discarded because their fraction was neg­
ligible. After grinding and sieving, each sample was mixed 
and quartered# Only on© of th© quarters was saved in a quart 
Jar. 
All laboratory determinations were made in duplicate. 
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1. Particle alze aimlyala 
Partlcl© sis© analyses were made of all horizons sampled 
using the standard procedure for the pipette method. 
Duplicate determinations were made using 10*grams air 
dried stniplesj a separate sample was oven dried at 110 degrees 
centigrade to determine the moisture content* No correction 
was made for organic matter, which was included in the 20-50 
Micron fraction# Organic matter was destroyed by hydrogen 
peroxide* The samples were placed on an end-over-end shaker 
for 24 hours with sodium hexametaphosphate, as dispersing 
agent, and some distilled water. The less than 20 micron 
(fine silt) and less than 2 micron (clay) fractions were de-
terained with a 25 milliliter pipette at a 10 centimeter depth 
and ttie proper time interval calculated by Stokes' law. The 
sand fraction (all sand classes were grouped in a single frac­
tion) was separated by decantation, then collected on a 300 
Hieah screen and washed with distilled water to which a few 
milliliters of 0.5 N sodium hydroxide were added to prevent 
flocculation. This was done to determine whether or not the 
finer particles h&d been removed. The sand fraction includes 
some iron-manganese concretions in few Instances, and some of 
these concretions may be even present in the 20-50 micron or 
smaller fractions. The coarse silt fraction (20-50 mlcra) waa 
determined by subtracting the sum of the percentages of sand, 
fine silt, and clay fractions from 100. 
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S»' Exchangeable oationa 
fh© exchangeable cations determined Include hydrogen, 
oalolm, magneaium, and potaaalura# 
Ixehangeable hydrogen was determined by the bariixm ace­
tate method# Duplicate 10 gram sample a, to which 50 milll-' 
litera of normal neutral bari\m acetate solution were added, 
were placed on a ahaker for SO mimtes before leaching on a 
Buchner funnel up to a total of 250 ml. of solution. The 
hydrogen in the leachatea was neutralized to a phenolphthalein 
end point with standard 0.1 N sodium hydroxide# 
Calcium, magnesium, and potassium were extracted by shak­
ing duplicate 20 gram aanples with 50 ml. of neutral normal 
aimoniuBs acetate solution for 50 minutes# The extracts were 
filtered through Buchner funnels, according to the procedure 
outlined by Peech ejb al# (29). The soil on the filters was 
leached with aaough more aaunoniuffi acetate to give a total 
volume of 250 ml# of leachate# These leachates were brought 
to dryness, then organic matter and ammonium salts were de­
stroyed according to Peech et al# (29)# After transfer to 
teat tubes for storing and silica precipitation, aliquots 
were taken for determining calcium and magnesium, following 
Black*3 procedure (5). 
Calcium was determined volumetrically by a permanganate 
titration of the oxalate# 
Magnesium was precipitated as the aaimonium phosphate and 
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determined volumetrioally with standard acid and base. Man* 
ganes© was not removed prior to the calcium and magneaixiBi de­
termination* With a single oxalate precipitation of the cal-
ciuffl the magnesiura separation is incomplete (55). Thus, it 
seemed the positive error introduced by the smnganeae being 
present was negligible in comparison to the loss of magnesium 
caused during the calcium precipitation (52). 
The exchangeable potassium was determined in separate 
allquots according to Black*s procedure (5), using a Perkins 
Blmer Model no« 52-C flame photcmeter and a lithium internal 
standard* 
The cation exchange capacity was calculated by adding the 
four exchangeable cations determined# 
3. Total carbon and nitrogen 
The total carbon was obtained by the gravimetric dry 
combustion method as outlined by Black (5), but using 1 gram . 
of soil» 0.5 gram of manganese dioxide, and 20 minutes as 
time of combustion* 
fhe standard K^eldahl proceAire, as described by Black 
(5), was used for the determination of total nitrogen* Potas-
sitim sulfate and a one-inch segment of copper wire were added 
during digestion instead of tihe isuggested sodium thiosulfate 
and mercuric oxide# It was assumed that nitrates were so low 
in the samples as to not affect the results; therefore no 
salicylic acid treatment was used* 
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4« Soil reaction 
Th® pH meaaurawsnta ware mad® with a battery powered 
Iieeda and iorthrup glass electrode pH meter* A Isl soil-water 
paste was used (25 ©raraa of soil with 25 milliliters of water)# 
The pastes were stirred immediately following the addition of 
water and allowed to stand for 29 minutes? then they were 
stirred again and the pH was determined 30 minutes after the 
addition of water. 
5. Miorosoopic Inveati^ations of undisturbed soil 
Core samples, taken with special metal cylinders from 
each %©y" soil horizon of some profiles, were impregnated in 
a vaouum chamber and cut in oriented thin sections, which were 
ground as close to the standard thickness of 30 micra and 
mounted in Canada toalsaffl on standard size (26 x 46 mm*) petro-
^ai^ie slides covered with thickness no* 1 cover-glasses.* 
The thin sections were studied in detail by means of a 
petrographic niioroscope, and some were photographed* 
Core samples were taken froms 4g, Bg, and Bg of Lester 
aeries (P* 561); Agg, Bgg, and Bg of Hayden series (P* 
562)} Ag, Bg, aM of the Hayden-Ames soil (P* 565); 
"^Impregnation, cutting, grinding, and mounting of the 
specljaens were made by George S# Rev, Laboratory for Micro­
scopic Te<diaology, Schermerhorn Hall, Columbia University, 
lew York 27, I. IT. 
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Ag^f Webster-Amea soil (P» 567); and A^# 
Agg, Bg, and Bg of Ames series (P. 568)• Some information waa 
already available about Clarion, Kicollet, and lebater aoila 
(25). 
C« Kesulta of Field and Laboratory Studiea 
!• Field reaulta 
Several profllea of the units previously established were 
studied and observed in the field to learn about their mor­
phology and landscape occurrence, and a reconnaissance survey 
waa conducted of many areas, transitional In respect to topog-
rajtoy in forested zones, and in respect to vegetation in level 
poorly drained areas, to find the units missing in Table 2* 
Detailed morphological deacriptions of the new unite 
Hayden-Ames 565) and Webster»Ames (P. 567) were presented 
before• 
The Hayden-Ames soils are developed under forest vegeta­
tion on 1-2 per cent slopes. They are Gray Brown Fodzolic 
soils with a 2 to 4 inch thick dark gray Aj^ horizon, a 6 to 12 
inch thick platy A2 horizon, a 5 to 8 inch thick horizon 
with many light gray coatings on the peda, a 5 to 12 inch 
thick, relatively "heavy**, subangul&r blocky Bg horizon with 
moderately thick dark coatings on the peds, and some neutral 
gray colors, particularly in lower horizons. Indicative of 
58 
somewhat poor drainage oonditiona# I'hey may be distinguished 
from ttie Hajden soils by greater thickness, particularly in 
relation to the A2 and B horizons and depth to carbonates» 
stronger structural development of the Ag and Bg horizons, and 
evidence of somewhat reducing conditions• They may be dis­
tinguished frcMa the Imes soils by leas thickness of the Ag 
horizon, presence of a less structural development of the 
Ag and Bg, thinner dark coatings on peds of the Bg horizon, 
and evidence of better drainage conditions. 
The poorly drained Webster-Aiaea soils are very dark soils 
developed in the prairie-trees transition. They have an al­
most black, weak platy 2 to 8 inch thick Aj^ horizon, a 3 to 
8 inch thick, dark, moderately well developed Ag, a 4 to 8 
inch thick, dark, well developed, fine textured, subangular 
blocky Bg horizon with very dark gray coatings on the peds, 
and an intensively gleyed B3 horizon. The gray colors throu^ 
out the profile are interpreted as indicating it developed un­
der poorly drained conditions, although the presence of organ­
ic matter somewhat masks the gray colors and the mottling in 
the upper i»rt of the profile. This profile may be distin­
guished from the Webster soil profile by the presence of a 
leached Ag horizon and an illuvial Bg, and from the Ames soil 
profile bfj the presence of a horizon, darker colors, and 
less development of the Ag and Bg horizons. 
Prom the field information it is possible to tabulate the 
major differentiating morphological characteristics of all the 
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sequence member units. Thej are shown in a summarized manner 
in Table 3« 
Taking into account only the Ag, and Bg horizons some 
simple morphological sequence relationships may to® indicatedi 
T'op03equenoes» Under prairie vegetation, going from the well 
drained Clarion to the poorly drained Webster soil, (a) the 
horizon darkens and its percentage of clay increases; (b) 
the mottling of the subsoil, which does not occur in the well 
drained member, is present in the Nicollet, and its abundance 
reaches the maxlumja, together with predominance of neutral 
gray chroma, in the Webster soil? whereas the Nicollet soil 
has moderately gleyed subsoil horizons, all horizons of the 
Webster soil are very much reduced, although ttie colors are 
somewhat masked by the presence of abundant organic matter; 
(c) the intermediate Hicollet soil has the thickest Ai hori­
zon; (d) depth to carbonates increases from the Clarion to the 
Webster soil. 
Under mixed prairie-trees vegetation, going from the well 
drained Lester soil to the poorly drained Webster-Ames soil, 
(a) the same trend in colors and depth to carbonates indicated 
for the Clarion catena is observed; (b) a thicker is a 
characteristic of the intermediate member of the toposequenoej 
(c) the poorly drained member of the sequence has a slightly 
higher grade of structure in the Ag and Bg horizons* 
Under forest vegetation, going from the Hayden to the 
Ames soil, (a) there la the same trend in color described for 
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fehe other 8@qu©no©a, feut much leas accentuatedj (b) the per­
centage of clay In the and Bg horiasons, the grade of struc­
ture of the same horizons, the thickness of the Ag, and the 
depth to carbonates increase? (c) the thickness of the 
horizon increases from th© Hayden to the Intermediate member 
of the catena and decreases from this to the Ames soil, where 
this horizon is absent, 
Bioaeauenoea- In the well drained Clarion-Iiester-Hayden bio-
sequence, (a) there is a decrease of the clay content and 
thickness of the Aj^ horizon, going from prairie to trees vege-
tational cover? (b) the thickness, value of the color, and 
grade of structure of the Ag horizon (not present in Clarion 
soils) increase in the saoe direction; (c) the light gray 
coatings on peds of the Ag and horizons are less abundant 
in the Lester tJian in the Hayden soil? (d) the Ag horizon of 
th© transitional soil is leas leached than the of the 
forest-covered soil; (e) the clay content, grade of structure, 
thickness, aM continuity of the clay coatings and organic 
coatings on peda of the Bg horizons increase from the grass-
covered to the trees-covered soili (f) depth to carbonates 
seems also to increase slightly from the Clarion to the Hayden 
so i 1 
In th© moderately well drained Nicollet-Iie Sueur-(Hayden-
Araes) biosequence, (a) there seems to be a slight decrease 
of the thickness of the Aj^ horizon from the Nicollet to the 
Le Sueur soil and a substantial decrease from this to the 
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forested member of th© aequeao®} (b) the clay content of the 
horizon decreases graAially In th© same direction; (c) th© 
trends In th© Ag and horizons, and in th© depth to carbon­
ates are identical to those in th© Clarion bioaequencej (d) 
the thickness of th® Bg horizon seems to decrease slightly 
from the prairie- to the trees-covered soil# 
In th© poorly drained Webster-Ajaes bioaequence, (a) there 
is a decrease in clay content and thickness, and increase in 
value of tdae color of th© horizon from th© Webster to the 
Ames soil! (b) in th© same direction, there is a slight in­
crease In th© development of platy structure in th© Aj^ hori-
zoni (c) the trends in the horizon are identical to those 
in the other two biosequencesj (d) the leaching of th© Ag 
horizon reaches the iBaxiimm value in the Ames soil; (©) the 
horizon is not present in the forest member of th© se­
quences (f) there is an increase of chroma of the color, of 
clay content, of thickness, of continuity of th© coatings on 
the peds, and of grade of structure of the Bg horizon from 
th© Webster to the Ames soilj (g) the depth to carbonates de­
creases from th® prairie- to th© forest-covered soil. 
In all biosequenees, the B horizon of the transitional 
soils seems to show tendency to b© closer to th© surface than 
that of the members under prairie and under trees. 
2. Laboratory results 
a. Particle size analysis. The particle size distribu-
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Table 4« Particle alzo distribution with depth of the membera 
of Clarion, Lester, and Hayden soil catenas 
, , 
Horizon Coarse Pin® each horiaon/ 
deaig* l>®pth Sand® ailt ailt Clay J clay in 
nation (lnoh»«) M U) ($) (j) Cg horizon 
F. 97 -
0- 4 59,0 56.2 24 .8 1.59 
4- 8 57,2 56.6 26.2 1.46 
8-12 40 •? 55.8 25.5 1.42 
12-16 41»9 51.9 26.2 1.46 
16-20 45.1 51.1 25.8 1.44 
24-28 44*5 57.7 18.0 1.01 
28-52 59.8 59.5 20.9 1.17 
52-56 58 .0 44.1 17.9 1.00 
56-40 56.7 45.4 17.9 
40-44 57.4 45.1 17.5 
44-48 57.0 45.6 17.4 
48-52 59.5 45.5 17.0 
52-56 59.0 44.2 16.8 
56-60 40.0 45.0 17.0 
P« 565 » Mioollet clay loam 
Al 
As 
®1 
%2 
®5 
"2 
0-11 55.6 9.5 20.6 56.5 1.57 
11—15 55.6 7.5 21.1 58.0 1.45 
15-20 55.4 7.4 21.8 57.4 1.41 
20-25 57.1 6.4 19.7 56.8 1.58 
25-29 59.8 5.1 17.7 57.4 1.41 
29-54 46.5 5.8 16.5 55 .4 1.26 
54-59 51.8 2.8 14.1 51.5 1.18 
594. 55,9 4.6 14.9 26.6 1.00 
diameter limlta for the particle sizes are as followsi 
Sanfi mi era 
Coarsf ifIt - 20 to 50 mlcra 
Pine slit • 2 to SO mlcra 
Clay - 2 mlcra 
^Sample collected and analysed by Rlecken rt (32) • 
Mechanical analyses were made by pipette method, using sodium 
hydroxide as dispersing agent* 
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Table 4« (Continued) 
Horlsson 
design 
nation 
Depth Sand 
nil) 
Coarse 
silt 
(^1 
Fine 
silt 
Ji) 
Clay 
Ratio % clay in 
each horizon/ 
clay in % 
Co horison 
k  
A 
A. 
A3 
Bl 
%1 
®22 
2s 
P» 137 * Wehater clay loam^  
O* 8 26*1 39 1 34.2 1.41 
8-13 27,8 38 5 33.7 1.39 
1S»17 29»6 35 6 34.8 1.44 
17-21 33,0 33 0 34.0 1.40 
21-S6 38,0 30 3 31.7 1.31 
26«31 4oa 31 8 28.1 1.16 
31-37 40.2 35 6 24.2 1.00 
37-43 36#7 39 3 24.0 
43-80 36.2 39 2 24.6 
50-60 39*9 35 8 24 .3 
F* 561 - Lester loam 
0- 3 39.8 23.3 14.1 22.8 0.89 
3- 7 49.5 14.4 14.9 21.2 0.83 
7-11 49.9 12.4 13.4 24.3 0.95 
11-18 51.4 8.9 13.0 26.7 1.04 
18-22 50.8 8.6 12.5 28.1 1.10 
22-32 52.6 9.1 12 .3 26.0 1.02 
384. 50.5 6.0 18.0 25.5 1.00 
:p. 489 - Le &i©ur ailt loam^ 
0- 8 21.1 27.7 28.3 22.9 0.78 
8-11 18.3 26.1 30.1 25 *5 0.87 
11-15 18.8 22.4 31.0 27.8 0.95 
15-19 19,7 20.2 28.5 31.6 1.08 
19—24 22.4 13.2 24.2 35.2 1.21 
24-89 30.1 15.7 19.2 35.0 1.20 
29-35 34.9 14.4 16.3 34 .4 1.18 
35^ 1 39.2 11.4 15.4 34 .0 1.16 
41+ 41.3 13.4 16.1 29.2 1.00 
®SsuBiple collected by !• J. Nygard and F» P. Riecken# The 
analytical data were preaented by Simonaon, Riecken, and Saiith 
(58). 
^Sample collected by R. J. McCracken and analysed by the 
autiior# 
4S 
fabl® 4« {Continued) 
Ratio ^  clay in 
each horizon/ 
% clay In 
Cq horlaon 
Horizon 
deslg* 
nation 
Depth 
(Inches 1 
Sand 
Coarse 
slit 
Fine 
allt Clay 
567 •> Wehater-toea allt loam 
*1 
*21 
if 
ill 
S22 
b: B1 
'32 
% 
Ag 
®1 
pi 
|22 
®32 
cT 
5^1 
«22 
11 
12 
21 
®22 
Bs 
0« 3 80.1 23.8 33.6 22 .5 0.95 
3- 7 19.3 24.1 34.5 22.1 0.93 
7-10 20.1 23.0 34.2 22.7 0.96 
10-16 19.8 18.8 34.1 27.3 1.15 
16-19 19.7 16.1 32 .3 31.9 1.35 
19-22 20.0 17.0 28.2 34.8 1.47 
22-26 21.1 19.6 24.3 35.0 1.48 
26-32 35.9 8.7 20.5 34.7 1.46 
32—45 50.3 10.5 10.0 29 .2 1.23 
454- 47.9 10.8 17.6 23.7 1.00 
P. 401 - Hayden allt loi DEB® 
0- 3 30.8 52 .2 17.0 0.76 
3- 7 30.6 51 .6 17.8 0.80 
7-11 27.6 48 .2 24.2 1.09 
11-16 30.7 37 .6 31.7 1.42 
16-21 32.3 34 .1 33.6 1.51 
21-26 35.4 30 .8 33.8 1.52 
26-31 37.0 30 .7 32.3 1.45 
31-36 36.4 35 .4 28.2 1.26 
36-42 34.0 43 .7 22.3 1.00 
P. » 565 - Hayden-A^ ea allt loaa 
0- 3 27.2 25.2 28.1 19.5 1.03 
3— 8 31.7 24.2 27^ 6 16.5 0.87 
8-14 34.0 22.8 27.1 16.1 0.85 
14-17 36.S 18.2 25.3 20.0 1.06 
17-21 39.1 15.3 21.2 24.4 1.29 
81-84 42.0 12.8 15.0 30.2 1.60 
24-27 45.4 11.4 11.6 31.6 1.67 
27-31 §2.1 9.1 B.8 29.9 1.58 
31-42 50.4 7^4 11.8 30.4 1.61 
42+ 49.2 11.4 20.5 18.9 1.00 
®Sample collected and analysed by Green (12) 
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fabl® 4. (Continued) 
Horizon Coara® Fine 
deaig- Depth Sand ailt silt 
iXmlma) i%) {%) 
Clay 
Ratio % clay in 
each horison/ 
% clay in 
•^ 1 
4 i  
2^2 
Bgl 
I f  
'cl 
568 » Aiaea ailt loaiB 
0- 4 23.8 27.9 27.8 20.5 0.82 
4- 9 26.8 27.5 27.7 18.0 0.72 
9-15 27.9 24.0 27.4 20.7 0.83 
15-20 28.8 11.5 24.3 35.4 1.42 
20-24 34.1 9.4 16.8 39.7 1.59 
24-50 43.5 7.2 14.9 34.4 1.38 
SO—40 47.6 8.0 12.5 31.9 1.28 
404 47.3 9.9 17.8 25.0 1.00 
tion of th® nine soils studied is listed in Table 4* The per­
centage of clay Is plotted against depth in Fig# 2. 
In a general way, i^ticularly in bioaequences^ it may be 
stated that the transitional soils have intermediate clay con­
tents in the surface horizons and in t^e subsoils. 
The ratio minianim clay content of the A horizon / BiaxiBiam 
clay content of the B horizon was calculated for all soils 
studied. The results are presented in Table 5. 
This ratio decreases slightly from the well drained to 
the poorly drained soils in the same toposequence, except in 
the Clarion catena^ and decreases rapidly from the grass-
covered to the trees-covered aierabers of the same biosequence. 
The ratio seems to be a measure of the degree of forest influ­
ence in a soil biosequence. 
Fig. 2* Distribution of olay with depth in the meotbera of 
Clarionj, Leater, and Hayden soil catenas 
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10 20 30 10 20 30 10 20 30 
10 
20 
30 
40 
B 
h e ,  
Cg 
10 
CO 
UJ 
X 20 
o 
30 
f 40 
CL 
LU Q 
A, 
A3 
B 
B 
B, 
ci 
10 
20 
30 
40 
-B 
-C, 
Cg 
T" 1 • 
\ 
• 
1 
• 
A, 
A, 
-B, 
\ 
• 
1 B2 
/ / -B3 / 
• 
\ c, 
/ 
• C2 
Clarion 
21 
22 / 
Nicollet 
/ 
9 
/ 
L Webster 
/ 
\ 
I 
A3 
B, 
B2. 
B22 
B3. 
B32 
-C2 
Lester 
Ap • \ 
- A2 
A3 
B, 
B21 
\ 
• \ 
• 
\ 
\ 
• 
1 
B22 
1 
• 
1 
m 
1 
"B3 
1 c, 
'C2 
1 
Le Sueur 
A, 
A21 
A22 
B, 
Bzi 
B22 
B 
r 
w \ 
\ 
-B 
31 
32 
C, 
C2 
Webster-Ames 
\ 
V 
/ V / 
Hoyden 
A, ' 
A21 
A22 
B„ 
Bi2 
B^ ' 
/ 
f 
\ 
\ 
B, 
Hayden-Ames 
A, ' 
A2, 
A22 
B2, 
B22 
B3 
C, 
C2 
/ 
\ 
/ 
\ 
/ 
Ames 
49 
Tabl® S, fiatio of th« mininniBi clay content In the A horizon 
to the cBftximam clay content of the B horizon of the 
members of Clarion, Lester^ and Hayden soil catenas 
.. • — — - -•••• • •• 
Bloseauenoea 
^foposequences 
Under 
prairie Transition 
Under 
trees 
Well 
drained 
Clarion 
0,961 
Lester 
0,754 
layden 
0.503 
Moderately 
well 
drained 
Nicollet 
o.m 
Le Sueur 
0,651 
Hayden-Arae® 
0.509 
Poorly 
drained 
Webster 
0,991 
Webster-Aiaes 
0.631 
Ames 
0.453 
fhe ratios clay in each horizon / clay in Cg horizon for 
moat of the horiaons of th© nine sequence members are listed 
in Table 4 and plotted against depth in Fig» 3« They show the 
zones of eluviation (ratio < 1) and illuviation (ratio >1), 
and the intensity of both processes is illustrated in the fig­
ure by the area between the curve and the vertical line drawn 
for ratio equal to 1. fhe Increase of illuviation from the 
pralrle-covered to th© trees-covered soils in each biose-
quence, and from the well drained to the poorly drained soils 
in the transitional and forest-covered toposequences is quite 
evident. 
The rainiimBi percentage of clay in the A horizon is plot­
ted against the matimm percentage of clay in the B horizon in 
Pig* S* Eatio per cent clay in each horizon / per cent clay 
in the Cg horizon "^s. depth in the menibers of 
Clarion, Lester, and Hayden soil catenaa 
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RATIO: 
PERCENK 2 MICRON CLAY IN EACH HORIZON 
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Fig# 4 for all profiles studied. For the profiles formed 
under prairie vegetation th© datum points for each topoae-
quenc© tend to 11® in a straight line of slope close to 1« 
With inoreaalng tree Influence the line tends to approach the 
horizontal, fh® datum points of th© Intermediate members of 
th® catenas have the highest ordinate values (under prairie) 
and th® lowest ordinate values (under forest vegetation)• The 
datum points for th© biosequenoes show that in well drained 
and poorly drained conditions the mlnlKium per cent clay in the 
A horizon decreases when per cent clay in the B horizon in­
creases | under intermediate conditions of drainage both seem 
to decrease simltaneously, at a rate faster for the A horizon 
than for the B horizon. 
The particle size distribution analyses indicate that 
Clarion and Nicollet aolla are Minimal Brunizems with clay 
ratios close to 1. Webster, a Wiesenboden, has clay ratio 
practically equal to !• The members of the Lester soil ca­
tena, all transitional soils, may be classified as Minimal 
Gray Brown Podzolic soils, with the possible exception of the 
Webster-Ames soil i^ich probably will fit better the Maximal 
Wiesenboden group# The layden and Hayden-Ames soils are clas­
sified as Gray Brown Podzolic soils, still Minimal, due to 
their comparatively weak grad® of structure, but their clay 
ratios (very low ones) indicate a moderately advanced stage 
of textural profile development# fhe Ames soil, without 
horizon, and clay ratio 0#45, is a Planosol# 
Fig. 4# MiniBftiM perceatag© of elay in the A horizon va. 
raaximm perc®ntag® of clay in the B horizon for 
the aembors of Clarion, Lester, and Hayden soil 
oatenas 
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C = Clarion 
N = Nicollet 
W = Webster 
L = Lester 
LS= Le Sueur 
W-A= Webster-Ames 
H = Hoyden 
H-A= Hoyden-Ames 
A = Ames 
Toposequences 
Biosequences 
^H-A 
1 1 1 1 
20 30 40 50 
Maximum percent <2 micron cloy in B horizon 
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hm fotaX oarboa and altroKea.O/N ratloa* The total oar-
boa and nitrogen data for th© aequeneea studied are given in 
Table 6, and plotted against depth in Pig. 5 and 6, reapec-
tivelj# Total oarbon la the same as organic carbon except for 
the Cg horizons, where It includes carbonates. 
In th© Clarion and licollet soils the organic carbon con­
tent decreases gradually with depth. This is a feature com­
mon to moat Bruniaem soils (41). In the Webster soil the or­
ganic carbon is hi^ in the A horizon and decreaaes rapidly in 
th® lower horizonSj^ a feature common to many Wiesenboden (46). 
The percentage of organic oarbon seems to Increase from the 
well drained to th® poorly drained members of this topose-
quence. 
In all members of the Lester and Hayden catenas the or­
ganic oarbon content is the highest In the Immediate surface 
layer iAj) and decreases rapidly In the next layer (A2)j it 
remains almost constant at lower depths, with exception of a 
slight increase in the Bg horizons, particularly in the moder­
ately well and poorly drained members, possibly corresponding 
to organic coatings on the structural aggregates. This type 
of variation with depth is a feature common to the Gray Brown 
Podzolic soils (41) and to some Pianosols. The Le Sueur soil 
shows a surface behavior more like that of the Brunizem soils, 
probably die to Influence of ailtlvation, but the subsoil fol­
lows the trend common in Gray Brown Podzollc soils. 
In all three biosequences the curves Illustrate very well 
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Table 6. Per cent total carbon, per cent total nitrogen, and 
C/N ratios with depth of the members of Clarion, 
Lester, and Hayden soil catenas 
Horiaoa Depth larbo« 
dealgnatlon (Inches) nitrogen rati 
f m W I "  C l a r i o n  l o a a t *  ^
A O* 4 3.00 0.269 11.2 
4- 8 2.48 0.243 10.2 
0«"18 1.88 0.205 9.2 
12-16 1,38 0.168 8.2 
B 16-20 0.92 0.139 6.6 
24-28 0.53 0.102 5.2 
28-32 
G2 32-36 
P. 563 - Mlcollet clay loam 
^1 0-11 3.33 0.287 11.6 
As 11-15 2.48 0.216 11.5 
®1 15—20 1.86 0.174 10.7 
2^1 20-25 1.41 0.151 9.3 25-89 0.94 0.118 8.0 
w  29—34 0.66 0.095 6.9 
34-39 0,40. 0.073 5.5 
4  394 2.06® 0.061 
P. 137 - Webster claY lofl^m® 
A 0- 8 4.12 0.404 10.2 
8-13 3.71 0.387 9.6 
13-17 1.91 0.207 9.2 
B 17-21 1.10 0.150 7.3 
21-26 0.52 0.109 4.7 
Cl 26-31 0.29 0.082 3.5 
Cg 31-37 0.17 0.071 2.4 
^Sample collected by Rieoken ^  al« (32). Total carbon 
waa determined by the collectors, TotaT nitrogen was deter­
mined by the author. 
^It includes carbonates* 
^Sample ©ollected by !• J. Hygard and P, F. Rieoken. To­
tal carbon data were presented by Simonson, Rlecken, and Smith 
(38)• Total nitrogen was determined by the author. 
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Table 6# (Continued) 
Horiaon. 
dealgnatlon 
Depth 
(Inches) 
Total 
carbon 
i % )  
Total 
nitrogen 
i % )  
C/N 
ratio 
P» 561 - Leater loam 
Ai 
% 
Bg 
Bg. 
<^ 1 
^2 
"D 
4 
A3 
%2 
P  
^8 
%2 
®1 
B22 
Isi 
®32 
^1 
0- 3 4.49 0.348 12.9 
3- 7 1.75 0.149 11.7 
7-11 0.79 0.118 6.7 
11-18 0.59 0.092 6.4 
18-22 0.49 0.084 5.8 
22-32 0.26. 0.071 3.7 
32+ 1.76® 0.057 
P. 489 - Le Sueur silt 1 oam*^  
0- 8 2 .41 0.205 11.8 
8-11 1.66 0.160 10.4 
11-15 1.31 0.126 10.4 
15-19 0.91 0.118 7.7 
19-24 0.76 0.110 6.9 
24-29 0.79 0.090 8.8 
29—35 0.33 0.079 4.2 
35-41 0.52. 0.073 7.1 
41^  ^ 1.07° 0.061 
567 - Webster-Ames silt loam 
0- 3 3 .21 0.298 10.8 
3- 7 2.12 0.180 11.8 
7-10 1.26 0.098 12.9 
10-16 0.85 0.068 12.5 
16-19 0.83 0.096 8.6 
19-22 0.87 0.090 9.7 
22-26 0.67 0.085 7.9 
26-32 0.36 0.068 5.3 
32-45 0.29- 0.065 4.5 
45+ 1.78® 0.035 
%affiipl@ collected by R. J • MoCraoken and analysed by the 
author • 
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Table 6. (Contimed) 
Horizon Depth fotel Total 
designation (Inches) nitrogen ratio 
Ai 
A2 
As 
Bi 
B2I 
Bs2 
B32 
a 
P» 401 - Hayden ailt loam*^  
0- 3 2.71 0.25 10.8 
3- 7 1.00 0.18 5.6 
7-11 0.59 0.10 5.9 
11-16 0.34 0.09 3.8 
16-21 0.40 0.09 4.4 
21-26 0.39 0.08 4.9 
26—31 0.39 0,08 4.9 
31-36 0.36^ 0.06 6.0 
36-42 1.42® 0.06 
Ai 0- 3 2.57 0,252 10.2 
Agi 3- 8 0.89 0.112 7.9 
Ago 0.41 0.074 5.5 
Bii 14-17 0.41 0*067 6.7 
Bio Vf-Bl 0.38 0.075 5.1 
B21 21-24 0.35 0.071 4.9 
Boo 24-27 0.50 0.076 6.6 
Bs 27-31 0.24 0.046 5.2 
Ci 31-42 0,41. 0.054 7.6 
Cg 42+ 1.82® 0.034 
P. 562 - Amea ailt loam 
Ai 0- 4 2.76 0.275 10.0 
Api 4- 9 1.46 0.132 11.1 
Aoo 9-15 0.078 10.0 
B2I 15-20 0.59 0.077 7.7 
Bgo 20-24 0.60 0.073 8.2 
B5 24-30 0.38 0.052 7.3 
Ci 30-40 0.26. 0.046 5.7 
Gg 40+ 2.06° 0.034 
®SaiBple collected and analysed by Green (12). 
Figt 5« Total (organic) caybon with depth in the members 
of Clarion, Lester, and Hayden soil catenas 
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Fig# 6» Per cent total nitrogen with depth in the members 
of Clarion, Lester, and Hayden soil catenas 
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01 0.2 0.3 01 02 0.3 01 0.2 0.3 
10 
20 
30 
40 
10 
o 20 
- 30 
X 
m 40 Q 
10 
20 
30 
40 
A 1 > 1 
:• / 
• 
Clarion 
A ,  1  1 ^ -
A2 
" R /  BZT 
- / 
• Ce 
Lester 
1 ' /• 'A 
A '  /• A2 
- / 
1 '• 
_ f Bz, 
• Bza 
- ; B„ 
* B32 
C 
Hayden 
1 1 1 
/ A, / 
/ 
-V 
/ ^ 
- • Cz 
Nicollet 
1 1 1 
• Ap 
/ Ae 
• A3 
- • r B21 
J 
" ' 
_ f C, 
C, 
Le Sueur 
'  ' A |  
/ A21 
• A 22 
^ B„ 
- f B|2 
* B21 
/* B22 
1 
-/ c: 
Hayden-Ames 
1 1 1 
A 
1 
/ 
• 
r / 
- 'L 
• C2 
Webster 
'  '  ^ * A ,  
- /* A22 
•\ B, 
_ T B21 
r B22 
* B31 
- B32 
- /  
• Webster-Ames 
'  ' ^ • ' A |  
A2, 
• A22 
* B21 
B22 
-1 
' C2 
Ames 
63 
tb© Influenc® of the v®g®tatlonal cover on the carbon distri­
bution in the profile! under prairie, gradual decrease with 
depth; under trees, rapid decrease fi^ia to Ag horizons and 
almost constancy from there on. 
In each toposequence carbon tends to Increase in the 
and horizons going from the well drained to the poorly 
drained meabers and to decrease in the same direction in the 
subsurface horizon (Ag or Ag) • 
In the biosequences the carbon content decreases going 
fro® prairie to trees (except in the A^ horizon), 
Th© nitrogen curves follow closely the carbon curves* 
The G/M ratios are presented in Table 6 and plotted 
against depth in Pig» 7. 
Several investigators (46) (2) (21) have indicated that 
the C/H ratio decreases with depth in the profile, being an 
indication of the presence of more thoroughly decomposed or­
ganic matter or forms of organic life or products with narrow­
er C/N ratios at increasing depths, but it is possible that 
increased fixation of ions in some clay minerals, with 
depth, may also account for that decrease# The same behavior 
was found in most of the soils studied, but a few had a dif­
ferent pattern: the poorly drained soils of the Lester and 
Hayden catenas#^ Th© C/N ratio increases in the Ag horizons 
of these soils and then decreases with depth. The increase 
in the Ag horizon Is not due to an increase of the total car­
toon, but rather to a rapid decrease of the nitrogen content. 
Plg» 7. C / M  ratio with depth in the members of Clarion, 
Lester, and Ha^en soil catenas 
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There Is no explanation for thla anomaloua behavior. A cer­
tain selectivity of the organic materials decomposed or 
leached down under poorly drained conditions is a hypothesis 
to consider# Also, as an accuaiulation of free iron has been 
fotmd in the horizon of some Pianosola, the formation of a 
Pe»organic complex, rich in carbon, is another possibility# 
The G/N ratio of the surface horizons decreases slightly 
from the well drained to tlie poorly drained members in eadi 
c&tenaj for the B horizons the reverse seems to be true. In 
each biosequence the trend is, first, an increase, going from 
the prairie-covered to the transitional members, then a de­
crease, from the transitional to the forest-covered member# 
The increase of the C / M  ratio in all Bg horizons of the 
transitional pralrle-trees and forested soils may indicate 
that the organic coatings on the structural aggregates are 
of material somewhat richer in carbon than that present in 
adjacent horizons. Also it may be the result of lower HH4 
fixation in the clay minerals of those horizons# 
c# Exchangeable bases# Results of the determinations of 
exchangeable calcitui, Magnesium, and potassium, the cation ex­
change capacity, and the exchangeable calcium/magnesium ratios 
for all the profiles studied are listed in Table 7# 
In the soils formed under prairie vegetation, exchangea­
ble calcium and magnesium decrease with depth until the lime 
horisonj exchangeable potassium remains almost constant 
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Table 7» Exchangeable cations, cation exchange capacity, per 
cent base saturation, exchangeable Ca/^ ratio, and 
jS with depth of the members of Clarion, Lester, and 
Hayden soil catenas 
Horizon 
desig- Depth 
nation (in») 
Exchangeable 
Ca: 
^able^catioga 
Base 
Cation satu* Exch. 
exch# ration Ca/% 
oapao.^ (^) ratio PH 
B 
?1 
®21 
^1 
C2 
B 
Cg 
F» 97 » Clarion loam 
0- 4 16.7 5.3 0.39 4.3 26.7 84 3.2 6.1 
4« 8 14.6 4.9 0.34 5.9 25.7 77 3.0 5.9 
8-12 13.7 4.8 0.39 5.3 24.2 78 2.9 5.8 
12-16 13.3 4.8 0.35 4.3 22.8 81 2.8 5.8 
16-20 13.7 5.0 0.36 2.5 21.6 88 2.7 6.0 
24-28 15.9 5.2 0.44 0.8 22.3 96 3.1 7.4 
28—32 7.9 
32-S6 37.2 4.3 0.39 0.0 41.9 100 8.7 8.1 
P. 563 - Nicollet clay loam 
0-11 21.0 6.2 0.22 0.8 28.2 97 3.4 7.0 
11-15 20.6 5.8 0.17 2.2 28.8 92 3.6 6.5 
15-20 22.1 5.6 0.18 2.6 30.5 91 3.9 6.3 
20-25 20.8 5.2 0.16 2.3 28.5 92 4.0 6.2 
25-29 20.2 5.5 0.15 1.0 26.9 96 3.7 6.5 
29-34 21.0 5.3 0.13 0.3 26.7 99 4.0 6.8 
34-39 15.5 4.5 0.11 0.0 20.1 100 3.4 7.2 
39+ 30.3 3.4 0.08 0.0 33.8 100 8.9 8.5 
P. 137 - Webster clay loam® 
0- 8 32.2 7.7 0.3 2.9 43.1 93 4.2 7.4 
8-13 29.8 7.9 0.4 3.5 41.6 92 3.8 7.1 
13-17 22.9 7.1 0.4 4.0 34.4 88 3.2 6.5 
17-21 20.3 6.0 0.3 4.0 30.6 87 3.4 6.7 
21-26 19.0 6.4 0.3 3.0 28.7 90 3.0 6.8 
26-31 26.8 5.9 0.3 0.4 33.4 99 4.5 7.7 
31-37 28.5 4.6 0.2 0.0 33.3 100 6.2 8.0 
37-43 28.7 4.6 0.3 0.0 33.6 100 6.2 8.0 
43-50 29.2 4.5 0.3 0.0 34.0 100 6.5 8.0 
50-60 27*2 4.7 0.2 0.0 32.1 100 5.8 8.0 
®M»e«/lOO g» oven dry soil. 
^Sample collected ai^ analysed by Riecken et, al. (32) • 
®Sample collected by I. J. lygard and P. P. Riecken. The 
analytical data were presented by Simonson, Riecken, and Smith 
{38). 
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fable 7» (CGntlmed) 
fease 
1 Cation satu- Exch. 
Bepidi ExohanKeabl© cations exch. ration Ca/^ 
(in. 5 Ca W % H W  ratio riH 
P . 561 - Lester loam 
0- 3 18.5 5.2 0.30 3.2 27.2 88 3.6 6.5 
3- 7 10,6 3.5 0.11 2.4 16.6 86 3.0 6.4 
7-11 S.2 3.0 0.10 3.8 15.1 75 2.7 5.8 
11-18 8.9 3.7 0.09 3.9 16.6 77 2.4 5.3 
18-22 9.5 4.2 0.10 3.9 17.7 78 2.3 5.3 
22-32 8.8 4.2 o.oe 3.0 16.1 81 2.1 5.4 
32+ 22.1 4.2 0.09 0.0 26.4 100 5.3 8.1 
P. 489 - L© Sueur silt loam*^  
0- 8 13.1 3.0 0.18 4.0 20.3 80 4.4 5.7 
8-11 13.9 3.3 0.18 2,7 20.1 87 4.2 5.9 
11-15 14.4 3.7 0.20 2.3 20.6 89 3.9 6.1 
15-19 15.3 5.3 0.26 2.2 23.1 91 2.9 5.9 
19-24 16.6 6.3 0.29 3.3 26.5 88 2.6 5.9 
24-29 16.1 6.4 0.29 2.4 25.2 91 2.5 5.7 
29-35 15.3 6.6 0.26 2.4 24.6 90 2.3 5.6 
35-41 ie.9 7.3 0.24 1.3 25.7 95 2.3 6.6 
41-f- 28.0 6.7 0.16 0.0 34.9 100 4.2 7.6 
P. 567 - Webster-Ames silt loam 
0- 3 15.7 5.2 0.11 1.8 22.8 92 3.0 6.9 
3- 7 13.1 4.3 0.07 2.4 19.9 88 3.0 6.6 
7-10 11.8 3.0 0.06 1.7 16.6 90 3.9 6.6 
10-1© 13.4 3.7 0.07 1.8 19.0 91 3.6 6.6 
16-19 14.8 4.7 0.08 2.2 21.8 90 3.1 6.3 
19-22 15.7 5.9 0.10 2.6 24.3 89 2.7 6.0 
22-26 16.7 6.6 0.10 2.8 26.2 89 2.5 5.9 
26-32 15.6 6.9 0.07 2.4 25.0 90 2.3 6.0 
32-45 13.0 6.2 0.24 1.7 21.1 92 2.1 6.1 
45+ 31.1 4.7 0.06 0.0 35.9 100 6.6 8.2 
»! 
Bg 
b| 
Gl 
Cg 
®21 
Bs 
Ci 
.Cg 
^22 
5i 
BZI 
Bgg 
> ®32 
^Sample collected by R. J. McCracken and analysed by the 
author. 
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Table 7« (Continued) 
Base" 
Cation satu- Exch. 
®xoh« ration Ca/Mg 
catme« (^) ratio PH 
Horisson 
d®sig» Depth 
nation (ia«) 
Exchangeable oationa 
"6a'"'" Ife '  ^ ''fe'" n ' 
^1 
ll 
Ax 
2^1 
2^2 
»12 
l^ l 
%2 
Bg 
Cl 
C2 
2^1 
A22 
®21 
^22 
c® 
^1 
®2 
P» 401 - Hayden silt loam^  
0- 3 12.0 3.3 0.33 3.8 19.4 80 3.6 6.1 
S- 7 8.4 2.1 0.14 2.2 12.8 83 4.0 6.0 
7-11 10.1 3.6 0.42 2.7 16.8 84 2.8 5.7 
11-16 12.3 5.3 0.31 3.8 21.7 82 2.3 5.0 
16-21 13.4 6.1 0.28 3.8 23.6 84 2.2 4.9 
21*26 13.7 6.6 0.30 3.4 24.0 86 2.1 4.9 
26-31 IS.O 6.9 0.31 2.6 24.8 90 2.2 5.2 
31-36 18.7 6.9 0.26 1.0 23.9 96 2.3 6.6 
36-42 26.0 5.9 0.21 0.0 32.1 100 4.4 7.8 
P. 56S - Hayden-Ames silt loam 
0- 5 9.0 3.4 0.35 3.7 16.5 78 2.6 6.1 
3- 8 4.4 2.1 0.06 2.6 9.2 72 2.1 5.7 
8-14 4.0 2.7 0.05 2.9 9,7 70 1.5 5.7 
14-17 4.0 3.7 0.06 3.6 11.4 68 1.1 5.4 
17-21 6.1 5.3 0.07 4.3 15.8 73 1.2 5.2 
21-24 7.0 7.9 0.08 4.4 19.4 77 0.9 5.1 
24-27 7.7 8.8 0.09 4.1 20.7 80 0.9 5.0 
27-31 8.3 9,6 0.07 2.5 20.5 88 0.9 5.2 
31-42 9.6 9.0 0.20 1,8 20.6 91 1.1 5.8 
424 23.0 6.8 0.05 0.0 29.9 100 3.4 8.5 
•P. 568 - Ames silt 1< }am 
0- 4 7.9 2.3 0,22 6.8 17,2 60 3.4 5.3 
4— 9 6.7 1.8 0.11 4.5 13,1 66 3.7 5.6 
9-15 6.0 2.4 0.07 4.1 12.6 67 2.5 5.3 
15-20 11.7 5.6 0.08 4.5 21.9 79 2.1 5.0 
20-24 13.9 7.3 0.09 4.6 25.9 82 1.9 4.9 
24-30 13.1 6.7 0.07 2.6 22.5 88 2.0 4.8 
30-40 13.0 6.6 0.07 1.4 21.1 93 2.0 6.3 
40+ 28.7 5.6 0.07 0.0 34.4 100 5.1 8.4 
®Sampl® collected and analysed by Green (12). 
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throu^out the profile. In the transitional prairie-fcarest 
soils, exchangeable calcitm first decreases with depth, in-
oreaaea in the B2 horizon, decreases again in the B3 and Cj^ , 
and, evidently, increases abruptly in the lime horizonj ex­
changeable magnesliim decreases from the Aj. down until the Bg 
horizson, then increases with depth; exchangeable potassiua 
decreases rapidly ft'om the to the next horizon, then re­
mains alnioat constant with depth, except for a slight increase 
in the B2 horizon. In the forested soils, exchangeable calci­
um and inagnesiijjn decrease through the Ag, then increase witii 
depth! exchangeable potassium behaves as in transitional 
soils* 
Th® catenary relationships for exchangeable calcium and 
magnesium arei exchangeable calcium increases rapidly from 
the well drained to the poorly drained members of the Clarion 
catena, increases very slightly in the Lester catena, and de­
creases in the Hayden catena from the well drained to the 
moderately well drained member, and increases from this to 
the poorly drained member; exchangeable magnesium increases 
with increasing poor drainage conditions under prairie vegeta­
tion, but shows no definite trend in the other two catenas. 
Total exchangeable bases (Ca + Mg + E) show the following 
trendss for the A^^ horizon, tfoey Increase from the well 
draiasd to the poorly drained soils, in the Clarion catena, 
and decrease in the Lester and Hayden catenas? for the Eg ho­
rizon they decrease sli^tly in the same direction in the 
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Clarion catena, increase and then decrease in the Lester ca­
tena, .aM decrease in the Harden catena. 
fhe biosequence relationships for exchangeable calci-um, 
magttssiuffli, and potaasiua are as followsi considering the sub-
surface horizon (Ag or Ag) and the B2 horizon, exchangeable 
calcium decreases from the prairie to the forested soilaj ex­
changeable magnesium decreases in ttie subsurface horizon and 
tends to increase in the B2 in the same direction; exchangea­
ble K reaches the lowest values in the more intensively 
leached soils. The total exchangeable bases (Ca + Mg + K) 
decrease from the px^lrle- to the trees-covered soils. 
The cation exchange capacity is plotted against depth In 
Pig. 8» ParticularIj in the forested and the transitional 
prairle-trees soils, there is a certain resemblance between 
the cation exchange capacitj curves and the clay curves; the 
decrease of the cation exchange capacity in the A2 and the 
Increase in the !£ horizons are evident. 
The cation exchange capacity of the subsurface horizons 
(A2 or Ag) decreases rapidly from the prairie-covered to the 
forested soils; It also decreases in the same direction in 
the B2 horizons, except in the poorly drained soils, where 
the opposite takes place. 
The cation exchange capacity of the subsurface horizons 
(A2 or Ag), going from the well drained to the poorly drained 
members of each catena. Increases in the Clarion catena, in­
creases and then decreases in the Lester catena, and decreases 
Fig. 8« Cation ©xchaag© capacity with depth in the mera» 
t}®rs of Clarion, Leater, and Hayden soil catenas 
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CATION EXCHANGE CAPACITY (M.E./lOO g SOIL) 
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and thQn Increases In the Hayden catena; for tb.e Bg horizon, 
it increases and ttien decreaaea in the same direction in the 
Clarion and Lester catenas, and decreases and then increases 
in the Hayden catena* 
The exchangeable Ca/lg ratios are plotted against depth 
in Pig# 9i, This ratio, for the B horizons, decreases in each 
bioaequenoe going from prairie- to treea-covered soils; for 
the subsurface horiiaona (A2 or A3) it remains almost constant 
in the prairie and transitional prairie-trees soils, and de­
creases rapidly to the forested members. The catenary rela­
tionships seem to bes for the mbaurface horizons (A2 or Ag), 
going from the well drained to the poorly drained members of 
each catena, the ratio increases in the Clarion and Lester 
catenas, and decreases in the Hayden catena; for the Bg hori«» 
20ns, the ratio remains constant or Increases slightly in the 
same direction# 
d» Ejcchangeable hydrogen, per cent base saturation, and 
soil reaction. Exchangeable hydrogen, per cent base satura­
tion, and pH data are presented in Table 7. 
Exchangeable hydrogen values are plotted against depth in 
Pig. 10. In soils developed under prairie vegetation the ex­
changeable hydrogen first increases with depth, and then de­
creases; in the soils developed under trees and in the transi­
tional ones some resemblance exists between the exchangeable 
hydrogen and the clay curves. 
Pig* 9» Ixchaageabl© Ca/Mg ratios with depth In the mem­
bers of Clarion, Lester, and Hayden soil catenas 
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In each bioaequenoe, the exchangeable hydrogen of the B 
horizon generally Increases from the membera developed under 
pralrlo to those developed under trees. In each topoaequence, 
with exception of the Lester catena, the exchangeable hydrogen 
of the B horizon increases from tfae well drained to the poorly 
drained members# 
The per cent baae saturation values are plotted against 
depth in Pig, 11# fhe per cent base saturation of the aubaur-
face horizons C4g or Ag) and of the B2 horizons decrease in 
each bloaequenoe from the prairie-covered to the forest-
covered meiabera# In the toposequences it increases in the 
subsurface horizons (A2 A3) from the well drained to the 
poorly drained members in the Clarion and Lester catenas, and 
it decreases in the same direction in the Hayden catenaj the 
same trend occurs, but leas accentuated, in the Eg horizons# 
The jfl values are plotted against depth in Fig. 12# In 
each biosequence the pH of the subsurface horizon (Ag or A^) 
and of the Bg horizon decreases from the prairie- to the 
forest-covered soils# In each toposequence the pH of the Bg 
horizon increases with increasing poor drainage conditions; 
in the subsurface horizons (Ag or Ag) it increases in the aam® 
direction in the Clarion catena, and decreases in the Lester 
and, Hayden catenas# 
The Aj^ horizons are not considered because some profiles 
seem to have been affected by road dust or cultivation# 
Pig, 11 • par cent base saturation ulth depth in the mem» 
bars of Clarion, Lester, and Hayden soil catenas 
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e« Soli thin aection study# The main objective of this 
study was to get an idea of tti© stage of develojraent of the 
sequence merafoeps particularly in regard to clay translocation 
and acouaulation as films on aggregate surfaces or pore walla* 
The microscopic approach to the study of soils, especial­
ly to that of undisturbed aoila, has been developed by Kublena 
(18)• Several other scientists have studied soil microatruc-
turea# 
Micromoriitoological studies of some Iowa soils have pre­
viously been made by Johnston (15), Swanaon and Peterson (45), 
Johnston and Peterson (16), and McCracken (25). The first 
three authors were primarily concerned with soil structure and 
soil particle relationships, but McCracken had mostly in mind 
the detection of clay films# His findings for Clarion, Nicol­
let, and Webster soils will be referred to here to complement 
this study f 
Clarion aoll » McCracken (25) described appreciable alteration 
of ferroiaagneslan minerals and feldspars In the A horizon, 
which showed granular structure and well decomposed and dla-
aemiimted organic matter and a few tiny concretions* 
The B horizon showed thin and diaoontinuous oriented 
silicate clay films, mostly as linings on pore walls, and lesa 
alteration of primary minerals than in the horizon above; the 
structural aggregates were subangular blocks with faces lack­
ing coatingsJ the fabric was of the intertextic type described 
by Kublena (18). 
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Th© horizon showed no atructupal aggregation, little 
or no alteration of primary minerals, and a very few thin 
silicate clay pore-linings. 
Mioollet aoil - McCracken (35) found appreciable alteration of 
ferromagneslan minerals and feldspars In the granular, rich in 
fine organic »atter, A horizon. 
The auban@ilar blocky B horizon, of Intertextic fabric, 
showed appreciable alteration of primary minerals, which de­
creased with depth, «ore iron concretions than in the Clarion 
B horizon, a few thin and dlacontlnuoua clay films located 
mostly on por® walls, sfuggestlng mechanical emplacement ac­
cording to hydrodynamic factors, and a few small blebs and 
stringers of crystalline silicate clay embedded in the ground-
mass, suggesting formation in place; faces of structural ag­
gregates generally did not show any coatings. 
The horizon showed little alteration of primary miner­
als, no structural aggregation, but relatively high porosity, 
a very few continuous clay films in a few pores, fewer iron 
concretions than In the B horizon, but more hydrous iron oxide 
disseminated throughout the groundmass. 
The Cg horizon contained miioh calcium carbonate as ce­
menting material, a few Iron concretions, and some hydrous 
Iron oxides freshly deposited on the surface of many lime­
stone fragments. 
Webster aoil - McCracken (28) found appreciable alteration of 
plagloclases in the A horizon, which presented structural 
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gramles and small angular blocks without any coatings? the 
fabric was "spongy"? organic matter was abundant, either in 
granules or colloidally dispersed throughout the groundmasa? 
large, dense, llmonitic iron segregations were commonj a very 
few pore linings of oriented clay films were present# 
In the B horizon tiiere were very ttiin silicate clay films 
on some pore walla and a few on aggregate faces; concentra­
tions of ailicat© clay, aa small stringers and blebs in the 
groundaiasa fabric, were more abundant than in the Nicollet 
soil (and they were absent in the Clarion soil)? some of these 
concentrations were optically oriented, which the author in­
terpreted aa either formed in place with some mechanism for 
concentrating thOT, or translocated material which was em-
placed along sites of former pores and aggregate faces; iron 
concretions larger, yellower, but fewer than in the Clarion 
and Nicollet soils, were distributed on a li^^ter and grayer 
groundmasa# 
The Cg horlaon, witti no structural aggregation, showed 
calcit© as cementing agent, and no alteration of primary min­
erals; thin deposits of hydrous iron oxide occurred as coat­
ings on the calcite mortar, and iron concretions were more 
numerous than in the B horizon# 
Lester soil - The thin section of the Lester Ag horiason shows 
an evident platy, porous, and open mlcrostructure, with abun­
dant wide channels. The fabric is intertextlc, tending to 
poritoyropectic (18) in some spots» The plasma is dark gray 
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ferown. Organic matter seems well decomposed and dlaaeminated 
throughout in silt and colloidal sizes, sometimes covering 
partly the aggregates. Some structural units have concentra­
tions of quartz grains of silt size at the surface. Very few 
thin and discontlrmoua silicate clay films mixed with humus 
are found on the walls of sora© pores or channels. There are 
also a very few small iron concretions (invasion amygdali 
after Kubiena), dense, dark, ovoid, with entrapped silt 
grains, and surrounded by dark plasma material. Moat of the 
sand and silt grains are quartzj a few are microcline, ortho-
clase, and plagioclases, and rarely blotlte and hornblende; a 
somewhat advanced stage of weathering is evident. 
The Lester B2 shows evident fine blocky structure with 
relatively abundant horizontal, vertical, and Inclined, some­
what wide, channels. The fabric resembles the porphyropeptlc. 
There are not Isolated mineral grains. The plasma is dark 
brown and made up of clay and colloidal humus dlaaeminated 
througliout. Some aggregates show darker borders of organic 
aocuBRilation, aM others have concentrations of quartz grains 
of silt size at the surface. Thin (<20 ralcra), oontlimous or 
discontinuous, oriented silicate clay films are common on the 
surface of aggregates and as linings on pore walls (Pig. 13)j 
their accumulation in some constrictions seems to Indicate 
Bechanlcal downmovement of clay (Pig. 14). The sand and silt 
grains are mostly quartz, but a few microcline, orthoclase, 
and plagioclase grains, being altered, may be seen. 
Fig. 15. Photomlcro^aph of Lester Bo horizon; piano of 
a®etion noriaal to surface of soil; top of picture 
oorreaponds to top of section; thin clay films 
along pore walla; crossed nicols 
Fig. 14# Photomicrograph of Lester Bg horiaon; plane of 
section normal to surface of soil; top of picture 
corresponds to top of section; clay films along 
channel sides; note accuMulation of clay in con­
striction of channel; plane polarized lii^t 
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The Lester Bg horizon shows also blooky structure, but 
the aggregates ar© bigger and the channels narrower and lesa 
abundant than in the Bg horizon; a tendency to massive struc­
ture ia evident, fhe fabric ia porphyropeptic. The plasma is 
dark gray broim to dark brown, mostly of clay material. Ori­
ented silicate clay films are comnon on aggregate faces and 
pore wallsJ they are generally discontinuous but thicker (SO-
SO micra) than in the Bg horlsEon. Somewhat less weathering 
is apparent# 
Webster-Ames soil - The thin section of the Ag^ horizon shows 
evident platy structure with abundant narrow channels# The 
fabric is isobanded (26), i«e« formed by bands apparently 
having ccBiplet© uniformity in both skeletal material and soil 
plasma* The plasma is dark gray, rich in h\ifflus, which is dis­
seminated throfu^out. There are abundant dark dense spherical 
or ovoid iron concretions, 50 to 500 micra in size, some with 
entrapped silt grains. No oriented clay films on pores or on 
aggregate surfaces were found. The horizon seems to be in an 
advanced stage of weathering} besides quartz, only a very few 
grains of microcline and rare orthoclase make up the silt and 
sand particles. 
The horizon shows blooky structure with relatively 
narrow channels between aggregates and some big pores. The 
fabric is porphyropeptic, as defined by Kubiena (18), with 
tendency to porphyropectic. The plasma is dark gray and 
humu3*rlch. The organic material ia disseminated throughout. 
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but aoffl© aggregates are darker at the surface, probably due to 
huffiua accumulation. There are some concentrations of quarta 
grains of silt size at tb® surface of some aggregates. A few 
discontinuoua, very thin, oriented clay films exist on aggre* 
gat© surfaces, on some pore walls, and in constrictions of 
soiie channels; they may be interpreted as silicate clay trans­
located from aboi^e. Abundant, dark, dense, spherical or ovoid 
iron concretions, of 0#1 to 1«5 bibi. in size, some with en-» 
trapped silt grains, are an important feature of this thin 
section# The mlneraloglcal nature of the sand and allt grains 
(quartz, rook fragments, orthoclase, plagioclases, microcline, 
and ampfelboles, by decreasing order of abundance) shows less 
weathering than in the A22 horlzoni but quartz la, by far, the 
most abundant mineral in those fractions. 
The Bg horizon has structure and fabric identical to the 
Bl, but has somewhat less porosity. The plasma is dark olive 
gray dark gray brown, aade up of more clay and less huaias 
than the horizon above. The organic material is disseminated 
throughout, but It appears more concentrated on the surface of 
some structural units# There are few thin and discontinuous 
oriented clay films on the walls of some pores. In constric­
tions of some channels, and on some aggregate surfaces (Pig. 
15)• Dense, dark, spherical or ovoid, large iron concretions, 
aom© with entrapped silt grains, are very abundant (more than 
45 were counted in the thin section, of sizes between 50 micra 
and 2 laai.) • The horizon seems to be In a stage of weathering 
Pig. 15• FhotojEHicrograi^ of lebster-Ames horizon; plane 
of section normal to surface of soil; top of pic­
ture corresponds to top of section? discontinuous 
clay films on soil aggregate surfaces; plane 
polarized li^t 
Fig. 16« Photomicrograph of Webster-Ames Bgi horizon; plane 
of section normal to surface of soil; top of pic­
ture corresponds to top of section; accumulation 
of clay and iron oxide on soil aggregate surfaces; 
plane polarized light 
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Identical to that of the 
The B31 horizon showa blggor aggregates of almost plane 
faoes and very aarrow channels betweenj the tendency to tmo-
alve atruettire ia evident. The fabric seems to be porphyro-
peptic. The plasma ia ll^t olive brown, but almost all ag­
gregates are darker at the surface j an accuinulation of ori­
ented and non-oriented silicate clay and hydrous iron oxide 
encircles completely moat of ttie structural units (Pig# 16) • 
This feature is also cofflmon on the pore walls. The oriented 
aillcat© olay films are generally discontinuous and relatively 
thln» Bark, dense, spherical or ovoid, large iron concre­
tions, some with entrapped silt grains, are very abundant 
(about 45 concretions of sizes between 0#1 and 1 ima. were 
counted in the thin section)• Sand and silt grains are more 
abundant than In the Bg horizon but show similar mineralogical 
coraposltlon. 
Hayden soil - The thin section of the Hayden Agi horizon shows 
evident fine platy structure with abundant horizontal channels 
0«15 B3ia« or less wide# The fabric is banded, as described by 
McMillan and llitchell (26) t dark horizontal bands, about 0,25 
mm# wide have sharp lines representing the top of the bands; 
the top surface of the band is very dark and grades downward 
to the light colored bottom part (Pig. 17); the dark upper 
part Is considered due to hUMis accumulation, possibly mixed 
with some clay and sesquioxldes. The plasma is very dark gray 
to very dark gray brown, almost black at the top of the bands. 
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A few thin, dlaooatlnuous oriented clay films are present on 
the pore walla and on the surface of some larger quartz 
grains, fhere ar© a few iron concretions of concentric pat­
tern, aone dense, acM® light and incipient, generally smaller 
than 0ii3 ram. Sand and silt grains are mostly quartz, but a 
few ar® orthoclaae, aicrocline, plagioolases, biotite and 
hornblende# Some K-feldapara, hornblende, and biotite grains 
have been altered to iron-bearing dark, compact concentra­
tions. 
fhe ^ 23 horizon shows an evident porous fine platy struc­
ture# The aggregates are thicker {about 0.5 mm.) and the hor­
izontal channels wider (about 0»25 mm,) than in the hori­
zon. The fabric is iaobanded, according to the McMillan and 
Mitchell definition (26)j there is no gradation in color from 
the top to Iti© bottom of the bands, except in a few aggregates 
wtoere a darker thin line exists on the top but abruptly 
changes to the coiaaion color of the plasma below. The plasma 
is ll^t gray, abundant in silt, relatively poor in clay, ar^ 
poor in huaias. A very few discontinuous, thin, oriented clay 
films are present on pore walls, channel constrictions, and 
sand grains I tl^ese films seem to have some hums incorporated 
and, soinetiBies, very fine grains entrapped. 
The Bgg horizon shows blocky structure with abundant 
channels between the aggregates. The fabric seems to be por-
phyropeptic. The plasma la dark yellowish brown, mostly made 
up of clay, which is very abundant and embedding all skeletal 
Plg» 17 • Photomlerograph of Hayden Agi horiaoni plane of 
section normal to surface of soil; top of picture 
corresponds to top of section} banded fabric: top 
surface of each band is very dark and grades down­
ward to li^t colored bottom part? note iron con-
cretion In lower part of picture? plane polarized 
light 
Fig# 18. photomicrograph of Hayden Bgg horizon; plane of 
section normal to surface or soil; top of picture 
correspoMa to top of section; clay films along 
sides of channel; plane polarised light 
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material. ®h© clay is disseminated throughout the aggregates, 
tout a few blebs and stringers of oriented colloidal material 
were otaserired, probably corresponding to older porea or sur­
face of aggregates. Some iron oxide seems to be also dissemi­
nated in the groundmass. Thick (20-100 micra), mostly con-
tinuoua, films of oriented clay are very abundant along sides 
of channels (Fig, 18), on pore walls, on surface of aggre­
gates, and on surface of some sand grains. The general as­
pect of these clay films appears to be evidence of clay trans­
location from above to the B horizon. The borders of many 
aggregates are darker, which was attributed to organic ma­
terials translocated from above and accumulated in tiiis hori­
zon as coatings. Sand and silt grains are mostly quartz, but 
some rook fragments, orthoclase, microcline, and few plagio-
clase grains were seen. 
The B3 horizon shows blocky structure, but less porosity 
than the Bgg horisson. A tendency to massive structure is 
evident. The fabric seems to be porphyropeptic. The plasma 
is yellowish brown and mostly made up of silicate clay. A 
very intense accumulation of clay on the surface of structural 
aggregates and pore walls seems to be the most important fea­
ture of the thin section. Thick, generally continuous films 
of oriented silicate clay (Pig. 19) are still more abundant 
than in the Bg2 horizon. There are also cocamon blebs and 
stringers of oriented clay in some aggregates. Some clay 
films on the surface of aggregates are dark-colored, probably 
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due to Incorporation of organic materials. Sand and ailt 
graina are mostly quartz, but the following minerals, by de­
creasing order of abundance, were also foundi rock fragments, 
aierocline, orthoolaae, plagioclasea, biotite, and apatite# 
The horizon seeaa less weathered than those above it. 
Hayden^Ainea aoil • The jlg horizon shows platy structure} the 
aggregates are 0«25 to 1 am. wide, and the channels between 
them are generally less than 0»2S nm* wide. The fabric is 
mostly isobanded, as described before, but some aggregates 
have darker tops and bottoms (Pig. 20), and others are either 
darker in the top or in the bottom. The reasons for that ere 
not understood. The plasma is gray to gray brown, darker in 
the upper part of the thin section (probably due to higher 
content of organic matter), and lighter in the lower part. 
Organic matter is partly disseminated throughout and partly 
concentrated in small granules inside of the structural units. 
A tm discontinuous oriented silicate clay films were seen on 
the surface of some aggregates, generally somewhat darkened by 
organic imterlal. Dark, dense, iron concretions 0,1 to 0.5 
mm* in size, are eonuiion; some show entrapped silt grains. 
there are a few concentrations of iron, not as concretions, 
inside the aggregates. Sand and silt grains are mostly 
quartz, but a few rock fragments, microcline, orthoclase, 
hornblende, and biotite grains, being altered were observed. 
The horizon shows blocky structure with some tendency 
to platy. The channels are narrow, as compared to the aggre-
Pig# 19. Photomicrograjii of Hayden B« horizonj plan® of 
section nomal to surface or aoilj top of picture 
correaponda to top of aeetion; thick clay film on 
soil aggregate surface; plane polarized ll^t 
Pig. 20# Photomlcrograjii of Hayden-Ames Ag horizon; plane 
of section normal to surface of soil; top of pic­
ture corresponds to top of section; structural 
platea show darker tops and bottoms; plane polar­
ized light 
TOT 
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gatea, tiie horizontal ones being more abundant. There are a 
few big pores# Th© fabric seeas to be porphyropeptlc• The 
plasma la light jellowlah brown# There are comaon thin ori­
ented silicate clay films, some continuous, some discontinu­
ous, on the surface of aggregates and pore walla. Some aggre­
gates have darker borders due to accuiaulatlon of organic ma­
ter lalai others show a concentration of quarts grains of silt 
3i£® at the surface, correspording to the light gray coatings 
observed macroscoplcally. There are few to coBimon iron con­
cretions, which are relatively dense, dark, 0»2 to 0»6 mm. in 
size, show concentric patterns (denser inside than outside) in 
many Instances, and have entrapped silt and sand grains# Some 
iron oxide is disseminated throughout the groundmass. Sand 
and allt grains are mostly quartz, but there are few rock 
fragments, mlcrocllne, orthoclase, plagloclase, and hornblende 
grains* fhla horizon seems less weathered than the A2* 
The Bg horizon shows very evident blocky structure with 
abundant, but relatively narrow, channels. The fabric seema 
to be porphyropeptlc. The plasiaa is light olive brown to 
light yellowish brown. There are heavy accumulations of ori­
ented silicate clay all around the structural units {Pig. 21), 
the bigger grains, and the pore walls, which seem to represent 
quantitatively more clay than tihat diffused inside the aggre­
gates. These continuous clay films have thickness vaucylng 
from 20 to 200 mlcra. Some of the films are darkened by or­
ganic matter. Stringers and blebs of oriented or not clay. 
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not aaaooiated with aettml porea or structural faces, ar® com­
mon. there are a few dense, dark, iron concretions, some with 
entrapped mineral grains. Oriented clay coatings are visible 
on some of these concretions. Sand and silt grains are mostly 
quartz; few grains of microcline, rock fragments, plagioclase, 
and iiagnetite were seen. A fe^w unidentified silt-size green­
ish earthy clumps, probably a mineral of the vivianite group, 
were found• 
fhe Bg horizon shows blocky structure tending to massive. 
Th© fabric seems to be porphyropeptic. The plasma is light 
olive brown, made up of clay, fine silt, and some iron oxid®. 
The clay in this horisson, in contrast to the 83 horizon, ia 
distributed more as plasma than as films. The oriented clay 
films on aggregate surfaces and pore walls are thinner than 
in the B2, and generally discontinuous, but still thick and 
abundant. A very few incipient iron concretions with en­
trapped silt and sand grains were found. The mineralogical 
composition of the coarser grains is identical to that of the 
Bg horizon# 
Ames soil - The thin section of the horizon shows granular 
structure witto aorae tendency to platy. The channels between 
aggregates are relatively narrow. The fabric seems to be 
intertextic. The plasma is very dark gray with appreciable 
amount of organic matter disseminated throughout. No oriented 
films of clay were seen. Dark, dense, spherical or ovoid, 
iron concretions are very abundant; more than 50 were counted 
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in the thin seetion, varying In aizo from 50 mlcra to 2 mm. 
They show, sometimes, a concentric pattern. The coarser 
grains, mostly of silt size, are mainly quartz, but few grains 
of orthoclase, plagloclases, rock fragpients, magnetite, hema* 
tit©, tolotite, amphlbolea, and mlcrocllne, by decreasing order 
of abundance, w^ere seen# 
The A22 horizon shows platy structure with many, rela­
tively wide, channels* The fabric la intertextlc and Iso-
banded# The slceletal grains seeia somewhat loosened. The 
plasaa is gray brown and made up of fine silt, some clay, some 
humus, and probably sc«ne iron oxide disseminated. Pine silt 
is sometimes concentrated on th® surface of some aggregates, 
corresponding to the li^t gray coatings seen macroscoplcally. 
A few thin discontinuous oriented clay films exist more on 
pore walls tfcan on aggregate surfaces. There are many dark, 
dense, spherical or ovoid, iron concretions, generally with 
entrapped silt grains| more than 60 were counted in the thin 
section, varying In size from 50 to 100 miora. The coarser 
grains, mostly of silt size, have mlneralogical composition 
moh like that of the horizon. 
The Ames Bg horizon shows blocky structure, but the ag­
gregates seem to stick together in many places. Porosity is 
poor. The fabric resembles the porphyropeptic. The plasma la 
light olive brown, mostly made up of clay. The clay seems to 
be embedding completely all skeletal particles. Not very 
thick (generally less ttian 50 micron thick), generally con-
Fig. 21. Photoialerograph of Hayden-Ames Bgg horizon; plane 
of section norimal to surface aoil; top of picture 
corresponds to top of aeotlonj thick clay film on 
soil aggregate surface; plane polarized light 
Pig, 2 2 m  Photomicrograph of Araea Bg horizon; plane of sec­
tion normal to surface soil; top of picture oor-
reaponda to top of section; bleb of oriented clay 
in a probably former pore; crossed nlcola 
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tiiiuous, oriented clay films are abundant on the aides of the 
channelsp porea, fissures, and structural units, "but their 
oontrihution to the total quantity of colloidal material seems 
to be aiaaller than in the Bg horiaon of the Hayden-Amea soil# 
Bleba and stringers of oriented clay, not associated with ac­
tual pores or structural faces, are coramon (Pig. 22}• Dark, 
dense, spherical or ovoid, relatively small (50-100 micra) 
iron concretions are abundant} more than 40 were counted in 
the thin section, some of them with entrapped silt grains• 
The mineralogioal composition of fee aand and silt particles 
is Identical to that of the Ag horizon. 
The Bs horizon shows massive atructiire and very reduced 
pore space. The fabric is porphyropeptic. The plasma is 
olive gray to olive yellow, mostly made up of clay in which 
the sand and silt grains are completely embedded. Some rela­
tively thick oriented clay films were seen on pore walls and 
on the surface of aggregates, but moat of the clay is inside 
the structural units as groundimss. Reduced iron la generally 
disseminated throughout, but sanetimea is associated with clay 
films on the »rface of the aggregates. No iron concretions 
were found in th© thin section. Sand and silt grains, coarser 
and more abundant than in the B2 horizon, are less weathered 
than above. They are mostly of quartz composition, but son» 
grains of orthoclase, plagioclasea, and ferromagneaian miner­
als were seen. 
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{!)• aamary of the thin aeotloa study. In all 
aolla studied, surface horizons are much mora weathered than 
the subsoils, particularly below the B5 horizon, 9^ere primary 
minerals show little or no alteration. A alight increase of 
the stage of weathering la apparent from the soils under prai­
rie vegetation to those under forest, with the transitional 
soils In intermediate situation. 
In the well drained soils of the three catenas hydrous 
Iron oxides are generally disseminated throughout the ground-
maaa or as thin coatings? but with decreasing aeration condi­
tions they tend to accumulate as concretions, the niimber, 
size, and darkness of which increase with poor drainage con­
ditions. (In the Bs horizon of Ames soil no concretions were 
found probably because the wet conditions are almost perma­
nent) • 
The development of an Ag horizon of platy structure and 
banded or Isobanded fabric la an Important morphological char­
acteristic indicative of trees Influence. The Ag horizon la 
not found In the soils of Clarion catena, but it is moderately 
developed in the soils of the transitional Lester catena, and 
well developed in the aolla of the Hayden catena. In the lat­
ter the fabric of the Ag la banded in the well drained member, 
Isobanded in the poorly drained, and a sort of intermediate In 
the transitional soil. It is not known whether or not this 
fact corresponds to a genetic evolution attributable to varia­
ble drainage or other conditions. 
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Organic Matter, well dlaaemlnated In the A horizon of the 
soils under prairie, tends to appear also aa small granules 
•under treea.^ 
There Is apijreciatole Increase of clay accuimilation and 
decrease of poroalty in the B horizons, going from the prairie 
to tb© forested soils, the transitional soils showing inter­
mediate behavior# 
The presence of oriented clay films on pore walla, chan­
nel sides, aggregate surfaces, and channel constrictions in 
B horizons, seems to be evidence of clay translocation from 
the upper to the lower horizons. These films are more abun­
dant, show more contixmity, and are thicker In soils developed 
uMer trees vegetation than under prairie, the transition 
soils i^owlng again Intermediate behavior# 
Aasmisqg that the forest has been influencing the soils 
studied for about the same length of time, the rate of in­
crease of clay translocation from the prairie to the forested 
soils seems to be slightly slower under poorly drained condi­
tions, where the formation of clay in place appears to give a 
larger contribution to the total clay content of the B horizon 
than In the well and moderately well drained soils# 
Blebs and stringers of oriented clay inside of the aggre­
gates of the B horizons seem to be more abundant under trees 
than under prairie vegetation# They may correspond to former 
pores or structural faces# 
Dark organic coatings on aggregate surfaces of the B 
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horizon, wMcbt ar© absent In the soils formed under prairie 
vegetation, (where all aggregates show about the same color in 
every part of them), are cojumon in the transitional prairie-
trees soils, and are abundant in the forested soils (except in 
the Ames soil). They are, possibly, translocations from the A 
to the B horizon# 
Light gray coatings on peds, commonly described in the 
lower part of the A and top of the B horizon correspond to 
concentrations of quartz grains of fine silt size, probably 
due to removal of the husaus and/or clay cementing materials; 
in some cases this material roay have been translocated from 
above throu^ pores or channels. 
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IV. DISC'li'SSIOM 
fh® diaomssion of all data obtained and listed before 
will b© presented uiider thre® main beads s 1) morphological 
eharaoterisatlon of th® sequence iierabers that were aaieeing, 
2) toposecLwenc® relationships within the three catenas con-
sidered, and 5) bioseqwence relationships of the soli profiles 
developed under prairie, transition pralrie-trees# and forest 
vegetation. 
A* fhe Missing Seqpjenee Members« Their 
Morphological Characterization 
In Chapter IZ, it was pointed out that the intermediate 
meiftser of fee Webster-Aiaws bioseqmenoe had not been described 
in Iowa, and the interaediat© member of the Baydea catena had 
not been found anywhere. 
In Chapter III, as a result of th© field work, morpholog­
ical descriptions were presented of those two sequence mem­
bers, profile P* 567 and profile 56'§, respectively. 
fhe transitional lebster-lmes soil, represented by pro­
file P. seeias to be cMS»»on in tlie area traversed, al­
though it never has been mapped. It is found in poorly 
drained sites under transition prairie-forest vegetation. Its 
major horizons have the following aiorphologieal characteris-
ties; 
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• V©i»j dark gray to black horizon, 2 to 8 Inch thick, with 
weak platy to granular atructtsr®. It may b© distin­
guished from th© horizon of th© lebster soli by leas 
thlokneas, tendency to platy structure, less organic mat­
ter, and lighter color# It la distinguished frcsn the 
of the Ames soil mostly by Its darker color and lower 
grade of platy structure, 
Ag • Very dark gray brown horizon with many dark gray coatings 
on peda, 3 to 8 inch thick, and moderate platy structure# 
Th© Webster soils have no Ag horizon. In the Ames soli 
the A2 la thicker, lighter colored, and more acid, and 
has less organic matter and higher grade of platy struc­
ture# 
Bg • Dark gray brown horizon with many very dark gray coatings 
on peds, 4 to 8 inch thick, with strong subangular blocky 
structure# It may be distinguished from the Bg horizon 
of til© Webster soil by hl^er grade of subangular blocky 
structure. Hitter color Inside the peds, and by the 
presence of dark and li^t coatings on peds. It may be 
distinguished from th© Bg of the Ames soil by less thick­
ness and darker colors inside th© peds# 
fhe transltiorml Webster-Ames soil is also generally 
darker throu^out the profile than th© Ames soil, and has a 
well pronounced horizon, which Is lacking in the Ames soil# 
As was pointed out before, a soil series called Dundas 
was tentatively established in Rice County, Minnesota, as a 
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transitional prairie-forest soil under poorly drained condi­
tions. She unpublished tentative morphological description, 
made on January 8, 1946 hy I, J. lygard and revised in Decem­
ber, 19^3 by the same author (Div. of Soil airvey, B.P.I.S. 
A.E#, A.R.A., U.S.D.A.), taken from the files of the Soil Sur­
vey Laboratory of the Agronomy Department of Iowa State Col­
lege, Ames, Iowa, followss 
Dandas series 
Soil profile I Dundas silt loam (Colors according to March 8, 
1948 Soil Survey color names) 
liocationj Rice County, Minnesota 
Distributions Southern and Central Minnesota 
fopographyj Upland flats in the Mankato till plain. Nearly 
level to gently undulating surfaces with many 
flat-top low ridges alongside of shallow depres­
sions. 
Drainages Natural drainage imperfect to poor; runoff very 
slow5 permeability slow. 
Vegetation! Mixed hardwoods, mainly elm, ash, basswood, and 
maple• 
Uses Hay, pasture, and general farm crops. Not as productive 
as the adjacent better-drained soils. Requires arti­
ficial drainage for most farm crops. 
The Duiidaa series Includes Planosol aoila within the forest-
prairie border region of Minnesota. These soils are developed 
from medium textured calcareous glacial till of the Late Wis­
consin (Mankato) stage under conditions of imperfect to poor 
dralnag©. They generally occur In association with the Lester 
and Clarion series. 
ki 0 - 6" ¥ery dark gray (lOIR 3/1 moist) and dark grayish 
brown (lOYR 4/2 dry) friable silt loam containing 
a high proportion of organic matter; moderately 
developed fine granular structure. 
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Ag 6-11** Oliv® (5Y 4/3 moist), gray (5Y 5/1 dry), very 
friaibl® Goara© silt loan? moderately developed 
platy atructure; allgjitly aold, 
B 1 11»16" Olive brown (2.5T 4/4 moiat), grayish brown (2#5Y 
® 5/2 dry), heavy clay loam, plastic when wetj well 
developed subangular blooky structure} the aggre­
gates are coated with gray flour and dark organic 
stains; raediim acid* 
B-o 16-S2'' Grayish brown (2.51 5/2 moist), light olive brown 
® (2»6r 5/4 dry), allty clay mottled with yellowish 
gray and dark brown streaks, very plastic when 
wet, hard when dry. Well developed medium blocky 
structure, the aggregates coated with organic 
stains; slightly acid# 
32" Light yellowish brown {2#5Y 6/4 moist), pale yel­
low (2»5X 7/4 dry), calcareous clay loam till 
mottled with yellowish gray and dark brown as 
above; massive; many lime segregations and few 
iron concretions. 
Althou^ there is a great resemblance between the Dundas 
soil and the Webster-Ames soil found in Iowa, the latter is 
HBich darker throughout the profile. It seems that both soils 
may belong to the same continuous sequence prairie-trees, but 
the soil found in Iowa is more like the Webster soil, and the 
Minnesota soil more like the Ames soil. As analytical data of 
Dandas soil are lacking, an adequate comparison between the 
two soils cannot be made at present. 
The intergrade Hayden-Ames member of the Hayden soil ca­
tena is the drainage equivalent of the Nicollet soil (under 
grass vegetation), and of the Le Sueur soil (under grass-
forest vegetation), but developed under deciduous forest. It 
occurs uMer moderately well drained to Imperfectly drained 
conditions, commonly on 1 to 2 per cent slopes. Its major 
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horlaons h&v® th© following eharacterlatiesi 
- Dark ©pay to very dark gray horizon, 2 to 4 inch thick, 
with weak platy to granular structure. This horizon dif­
fers from the of the Hayden soil toy somewhat more pro­
nounced platy struoture, and from the of the Ames soil 
by somewhat leas developed platy structure. The Aj^ hori-
aon of the Le Sueur soil ia darker, thicker, and has 
granular structure• 
A2 - Dark gray horizon with common light gray coatings on 
peds, 6 to 12 inch thick, with weak to moderate platy 
structure. The A2 of the Hayden soil is brown or gray 
brown, generally thinner, and has lower grade of platy 
atruoture# The Ag of the Ames soil la generally thicker, 
and has higher grade of platy structure. The Ag of the 
Le Sueur soil la darker, and has weak platy to granular 
structure. 
Bg • Yellowish brown horizon with many relatively thick dark 
coatings on peds, 5 to 12 inch thick, with moderate to 
strong subangular blocky structure. It differs from the 
Bg horizon of the Hayden soil by somewhat higher grade of 
blocky structure, and thicker coatings on peds (either 
clay films or organic coatings). It differs from the Bg 
of the Ames soil by lower grade of structure and lower 
clay content. 
The colors of the horizons of this Hayden-Ames intergrade 
soil are indicative of somewhat poorer drainage conditions 
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than in. th© Hayden aoil, but better than in the Ames soil. 
The horizon of th© transitional soil is relatively thick, 
whereas it does not exist in the Ames soil. The depth to car­
bonates is greater in the transitional soil than in the Hayden 
soil* 
It appears that the Hayden-Ames soil is well defined and 
capable of beiog separated in the field, nevertheless the 
reoomiaissanoe survey made showed that its areal distribution 
is very small# It occurs only in particular situations in 
very narrow bands between the Hayden and the Ames (or any 
footslope) soils, which can be mapped only on four inch to 
th® mil© or greater seal®. 
B. Toposequence Relationships 
The infl-uence of the slope of the land surface on soil 
formation is mostly Aie to its controlling effect upon drain­
age, runoff, and other water effects, including normal and ac­
celerated erosion. Differences in slope may radically affect 
moisture and air conditions within the soil. On moderate and 
steep slopes th© tendency toward runoff is generally greater 
than the tendency toward water penetration, and the opposite 
happens in flat areas. Water tends to drain away from the 
high spots to collect in the level or depressional low spots, 
ufalch receive more water. It may be stated that the moisture 
entering the soil in any given region decreases as the slope 
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gradltnt lncreaa@a, other factors being equal# 
Th® degree of profile development, other conditions being 
the same, aeema to depend largely upon the amount of water 
pasais:^ throu^ the soil. Soil profiles on steep slopes are 
usually not strongly developed due to reduced percolation of 
water, lack of optimum moisture for vigorous plant growth, and 
rapid nonaal erosion. Soils of flat areas are in general the 
most strongly developed, eventually reaching a stage of senil­
ity characterized by leached surface horizons and extremely 
heavy subsoils# 
The enhanceraent of profile development on level topogra­
phy aa compared with slopes cannot be generalized without giv­
ing due consideration to the position of the ground water 
table, which controls the percolation when it is close to the 
surface of the soil# Smith (40) pointed out that in young 
parent inaterials of flat areas of central Illinois Wiesenboden 
soils develop when the water table is high. Prairie (Bruniaem) 
soils when the water table is low, and Planosols are found 
only in some concave spots of low water table; at somewhat 
more advanced stages of weathering, Wiesenbodens are still the 
soils of flat areas with high water table, but Planosols occur 
when the water table is low| if the soils of flat areas are 
still older and more highly developed, Vviesenboden-Planosol 
intergradea develop in zoma of high water table and Planosola 
in those of low water table# 
On basis of the considerations made, some good correla-
118 
tlona betwoen. slope {or Internal drainage, in the area stud-
isd) and profll® chariactaristics are to b© expected* 
The morphological toposequence relationships for each of 
the thrs® catenas described were listed, in acme detail. In 
Chapter III# The general trends oommon to the three topose-
quences are as follows! as the drainage conditions become 
worse, (a) color of the surface soil darkensj (b) mottling 
increases and gray colors of 2»5Y and 5y hues, sometimes 
tinged with blue and green, are more abundant? (o) thickness 
of the ^2 horiizson, when present, increases; (d) grade of the 
platy structure of the Ag horizon and of the sabangular blocky 
structure of the B horizon inoreasesj (e) per cent clay of the 
surface soil increases; (f) consistence of the subsoil (B) in­
creases from slightly firm to very flrmj (g) depth to B hori­
zon tends to increase; (h) depth to carbonates tends to in­
crease, at least from the well drained to the moderately well 
or Imperfectly drained soils. 
Most of these relationships are in good agreement with 
those described by Norton and Smith (28). 
The toposequence relationships based on laboratory data 
were also presented in Chapter III» The most im|5ortant ones 
are given in tabular form in fable 8, where the trend of vari­
ation is indicated by the number of "•{•"•s. 
It is evident that soil formation follows a definite pat­
tern according to the topography of the site whenever the 
other soil forming factors do not charge appreciably over the 
Table 8» Topoaequenc© relationships 
Mod, 
flell well PoopIj 
drained drained drained 
Ratios ffiinimtiffi ©lay in A/maxiimffl elaj in B 
Total cartoon and total nitrogen A^'horizon^^^^^ 
f*/n i« &irfaoe soil C/M rati© subsoil 
Clarion catem 
"Exchangeable 
bases 
horizon tester, Haydan catenas 
Clarion catena 
B2 horizon Lester catena 
Hayden catena 
Clarion catena 
Exchangeable calcium Lester catena 
Hajden catena 
, subsurface 30H catenas 
Ca/Mg ratio Hayden catena 
Bg horizon 
flxchangeable hydrogen in B horizon 
Clarion, 
% base saturation of Ag{or Ag) and Bg Lester 
Hayden catena 
catenas 
pH 
Substtrface soil 
Eg horizon 
Clarion catena 
Lester, Hayden catenas 
+4-f 4"4» 4.® 
<¥ 4-#. 4-+4' 
4-++ 4.4. • 
4-M> 4-»- 4-
4- 4-4- 4-4h»-
4-4 +4»f 
4-++ 4-4- 4-
4.4.4. 4-4- 4-
4-4- 4-
4-1- 4- 4-4-
4- +4- 4-4-4-
4- 44. 4-4-4-
+4.4 4-}. 4-
4- 44. 4.4-1. 
4-4-4- 4-4- 4-
4- 44. 4-4-I-
4- 4-4- 4+4.h 
4- 4-4- +4-4-
4-4-4- 44. 4-
4- 4-4- 4-+4-
4.4.4. +4- 4-
4- +4- 4-4-f 
®Clarion catena does not follow the same teend 
^Lester catena does not follow the same trend# 
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area* 
With decrease of slope more water percolates through the 
profile and th® leaching of soluble bases and clay from the 
sarfac© to the lower horizons is increased. So it is logical 
to have an increase of depth to carbonates, of the thickness 
and development of platy structure of the Ag horizon, of the 
depth to zone of accumulation, and of the clay content and 
grade of structure of the B horizon, fhe decrease of th® 
ratio mlnlnmm clay in A/maximum clay in B, an expression of 
the degree of development of the profile, shows very well the 
trend indicated except in the Clarion catena. 
In th® Clarion catena the clay ratio maintains a constant 
value, close to 1, because of the prairie vegetation and the 
youth of the parent material. Downward movement of clay has 
been minor or not evident. The Increase of the clay ratio 
from the well drained to the poorly drained members of the 
Clarion catena may be due to accretions of fine soil material 
from upalope. 
In Pig. 4 it la shown by plotting the minimum percentage 
of clay in the A horizon versus the maximum percentage of clay 
in the B horizon that the datura points for each toposequence 
tend to lie in a straight line. For soils formed presumably 
wholly under prairie vegetation the lln© has a slope close to 
1. It seems that the rate of clay formation at the surface 
is approximately equal to the rate of formation In the sub­
soil, considering th© leaching effects negligible. In the 
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Leatsr and Hayden catenas the straight lines approach the 
horizontal, showing tiiat the eluTlatlon-llluviation proceaaes, 
caused by tree Influence In thla case, proceeded at a faster 
rat® than the clay formation# While tjnder prairie the moder­
ately well drained soil shows the highest coordinates of Its 
toposequenee, under trees it shows the lowest coordirmtes, and 
under transition prairle-foreat it almost coincides with the 
poorly drained member. 
The decrease of the total carbon and nitrogen values of 
the A2 horizon with slope gradient of the profile sites la 
also proof of increasing leaching process with decreasing 
slope gradient! those elements seem to accumulate, at least 
partly. In the B2 horizon# Carbon and nitrogen values also 
increase in the horizon with decrease of slope. With in­
creasing moisture conditions a more luacuriant growth of vege­
tation is favored, and a stronger acctuaulatlon of organic mat­
ter is likely# Many authors have Indicated that the most im­
portant reason for 1±ie organic accumulation at the surface of 
the poorly drained soils is the slowdown of the microbiologi­
cal decomposition of tiie organic residues, due to excess of 
moisture# Recent unpublished investigations using radiocarbon 
data^ have shown that the age of the organic matter of Clarion 
and Webster soils is about the same# Thus, it seems that only 
the higgler return of organic matter to the poorly drained 
'^G# Smith • verbal communication# 
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aolla aocotinta for their high organic content. 
The C/M ratio of the surface horizons appears to de­
crease, and ttiat of the B horizons to increase, witti increas­
ing poor drainage conditions- Some selectivity of the kind of 
organic matter leached down may possibly occur. 
Exchangeable bases of the surface soil increase from ttae 
Clarion to Webster soils; runoff and erosion on the hill 
slopes and accuiHulatlon of bases, clay, and organic matter on 
the level ground may account for that# In the Lester and Hay-
den catenas the intensity of leaching, due to vegetation in­
fluence, seems to overcome that effect, and the trend is in­
verse# Also, probably more bases are returned to the surface 
of the soil under forest vegetation in better drained sites* 
Ixchangeable calcium increases from the well drained to 
the poorly drained members of the Clarion and Lester catenas. 
In the Hayden catena the opposite takes place; in the better 
drained members of this catena tree roots may go deeper and 
absorb more calcium which is returned to the surface throu^ 
plant remains. 
Ixchangeable Ca/Mg ratios of the lower layers of ttie pro­
files show a slight tendency to increase from the well drained 
to the poorly drained soilsj considering this ratio a measure 
of soil weathering, as Bray and De Turk (7), Ulrlch (47), and 
White and Riecken (53) did, it indicates that weathering is 
more rapid under well drained conditions; the thin section 
study seems also to favor ttils hypothesis. Arneman and 
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McMlller (3), in a mineralogical study of the Clarion catena, 
found that the surface of Clarion aoil waa the raoat highly 
weathered horizon of all memhera of the sequence. However, 
other factors, not necessarily related to weathering, may ac­
count for the variation of the Ca/Mg ratio# 
Per cent base saturation increases in the Clarion and 
Lester catenas from the well drained to the poorly drained 
aoila due to enrichment in baseaj at the foot of the slopes 
the loss of products of weathering is reduced and those com­
ing from upper aolls tend to collect there. The trend in the 
Hayden catena ia opposite} the intensity of leaching process 
may contribute to overcome the effect described for the other 
two sequences! and there are, probably, a higher return of 
bases to the surface soil in better dralmd profiles. 
The variation of the soil reaction is intimately related 
to the per cent base saturation. 
The thin section study shows that hydrous iron oxides are 
diasemlnated throughout the groundmass or as thin coatings in 
the well drained soilsj with decreasing aeration ttiey tend to 
accuamlate as concretions if alternate wet and dry conditions 
exist. 
fh© poorly drained soils have an oxygen deficit not only 
due to excess of water but also to removal of the oxygen from 
the pore space (and even from the water) by mlcroorganisraa de­
composing organic matter; thus reducing conditions prevail. 
The effect of tlMtae conditions in the soil is for the Iron and 
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mangan®ae, among the metals, to b© reduced to the divalent 
condition, increasing their solubility in the soil solution 
and their mobility# The outstanding visual characteristic of 
the horiaona of poorly drained aoils is their gleization; but 
gleization may occur in soils actually well drained, as a rel­
ict feature, k gleyed horizon is a "soil horisson developed 
under the influence of excessive moisture, in which the mate­
rial ordiimrily is bluish gray or olive gray, more or leaa 
sticky, compact, and often structureless" (48, p# 1168); it 
is neutral or only mildly acid, contains ferrous iron, much of 
it as exchangeable ions, but some in other combinations, and 
is usually low In phosphates (36)• Mottling of gray and yel­
low is also cofflmon in soils of poor drainage in layers where 
alternating oxidation and reduction conditions prevsiil# Dur­
ing periods of reduction divalent iron and manganese tend to 
move into these layers and then be oxidised in the subsequent 
period of oxidation; and the tendency is for more iron and 
manganese to move into this layer than out of it. Gray colors 
correspond to areas where reducing conditions still prevail 
and yellow colors are deposits of ferric hydroxides (36). 
Gleying and mottling were described in the poorly drained 
soils studied. 
As the process of iron and manganese accuBiulation pro­
ceeds, there is a tendency for the formation of concretions, 
sometimes containing soil particles embedded in the cement. 
Under many conditions the precipitation of iron and manganese 
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t&k&9 place on conoretions already existing, aa is proved "by 
the concentrlo pattern of many of them. 
Iron concretions were found in all aolls where drainage 
la more or leaa restricted. Bwt in the Bg horizon of the Artie a 
soil no iron concretions were aeenj permanent reducing condl* 
tlona, practically without alternate wet-dry perioda, probably 
have prevailed in It# 
The topoaequence relationships deacribed were made aaaum-
Ing that the aolls of each catena are derived from the aame 
parent material* However the particle aiae analyaia data ahow 
that the parent nrnterlal of the profilea studied varies some­
what from the conraoneat textural claaa (loajn) of the Gary and 
Mankato glacial till, particularly in the Nicollet, Lester, Le 
Sueur, and Ames aolla. Deaplte that, it ia believed that most 
of the relatlonahipa pointed out are valid aa an indication of 
the type of variation of the soil properties with slope gradl* 
ant which one may find under more uniform conditions of the 
parent material• 
Baaed on evidence obtained from the field and thin sec­
tion atudiea McCracken (25) concluded that there are not 
genetic differences in clay among Clarion, Nicollet, and Web­
ster soils, and that the texture of the Webster soil la due to 
th® presence of unconforming material over the underlying gla­
cial drift. It is posalble that the Nicollet and Webster pro­
filea used in this atudy have received accretions of fine aoll 
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material from iipslope. Then, If one adheres to a strict defi­
nition of topoaequenc©, those soils have to be excluded from 
the Clarion toposequenc® and grouped into a lithoseqxience or 
©tren into a litho-chronoaequence# The same may be true for 
the drainage equivalent members of the other two catenas, al­
though to a anich smaller degree# 
When the soil material trcoisported from upalope la not 
nmch different from th© underlying material, either under the 
textural or the mineraloglcal point of view, one may not be 
able to separate them, unless there la soma geomorjihological 
or pedologioal evidence for th© separation. If the differ­
ences in parent material are only slight, it has to be decided 
how much different th© aiateriala must be to consider the soils 
as belor^ing to another sequence. 
The complexity of the problem indicates that further 
studies are necessary to conclude whether or not the soils 
considered here may be grouped into toposequences as they 
were, or another sequence setup has to be established, 
G. Biosequenc® Kelatlonships 
The relationship between vegetation and soil is so Inti­
mate that many great soil groups can b© defined according to 
the types of vegetatlonal cover under which they occur* 
fhe progreaslv© encroachment of forests onto prairie veg­
etation causes the soils of the area studied to change from 
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Brunizems to Gray Brown Podzollc soils in well or moderately 
w©ll^, sites, and from Wiesenboden to Planoaola in poorly 
drained positions. 
Th© effects of vegetation on soil formation are brought 
about by adding organic matter to the aoll and bringing plant 
nutrients from the lower layers to the upper ones* 
Higher plants, auoh as grasses and treea, drop their 
leaves and tranka on the aoll surface, which furnish an enor-
moua quantity of organic material. The decay of roots, eape-
clally thoae of graasea, provides alao a large amount of or­
ganic matter for the aoll. Deep rooted plants, auch aa some 
graaaes and moat of the trees, bring water and mineral ma­
terial (more or leaa aolubl© bases, some iron and alumina, a 
little silica, and many other eleaients in amaller amounta) 
from deeper layers into the aerial part of the plantaj when 
the leaves fall and the plants themaelvea decay, theae miner­
als are returned to the surface of the aoll, establiahing an 
Important upward movement of elementa. 
4 Other thlnga being equal, water paaaea more readily 
through the surface of soils covered with deep-rooted vegeta­
tion ttian itiere there are ahallow-rooted planta (9a), causing 
a more intensive leaching. 
The effect of forest aa a vegetative cover dependa on the 
nature of the leaf-fall and the presence or absence of ground 
vegetation. Under deciduova forest the leaf-fall is richer in 
mineral constituents and there la a considerable higher con-
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tributlon of organic matter from groand vegetation than under 
coniferous '/egetation (M)» 
ITnder graas vegetation, despite the somewhat drier cli» 
mate characteristic of th© grasslands as compared to that of 
the forest regions, the organic status of the aoil seema to be 
higher becauaei (a) under forest the accession of organic 
matter is raoatly in the form of leaf-fall which accumulate 
at the surfao® and suffer strong oxldatlT© decomposition, 
whereas under grasses the plant residues are added, both at 
the surface aM within the soil, from dead plant rootaj (b) 
th© activity of earthworms and other burrowing animals is 
greater under grass than under forest? (c) somewhat drier con­
ditions reduce biological decomposition under grasses (44)j 
(d) roots of perennial grasses seem to be renewed every year 
(51) whereas those of trees are renewed gradually over a long­
er period of time. Several of these reasons have been refuted 
or not generally accepted by lack of enough Infomatlon. Data 
about organic matter produced by grasses and trees presented 
by Smith et al> (41), and collected from several sources, show 
that the annual additions of organic raaterial to Brunlzems and 
Gray Brown Podsolic soils are apparently of the same order of 
magnitude* The explanation for the differences In organic 
matter between th© two groups of soils baaed on differences in 
acidity haa been also contested by those authors (41)• 
Some blosequence relationships of the three catenas stud-
led, either moriAiologlcal or analytical, were presented In 
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Chapter III, 
From the morphological point of viewJ (a) going from 
prairie to forest vegetational cover, the percentage of clay 
and th© thickness of the horisEon decrease, while the struc­
ture tends to change slightly from granular to platy, and 
light gray flecks appear in the lower part of the horizon; 
(b) the Ag horizon, absent under prairie, starts being formed 
when trees encroach ®paaa vegetation, and its thickness, value 
of the color, grade of structure, and degree of leaching in­
crease toward complete forest cover; (c) light gray flecks on 
the surface of the peds of the Bl horizon, absent xmder prai­
rie, become more numerous in the same direction, being few to 
coKKton in transitional soils and abundant under trees? (d) 
thickness, chroma of the inside part of the peds, grade of 
structure, abundance of organic coatings, and abundance, con­
tinuity, and thickness of clay films on peds of the Eg horizon 
increase in the same direction; {e) depth to horizon of maxl-
mxm clay accufflulation decreases from prairie soils to transi­
tional members, and then increases to forest-covered aoilaj 
(f) depth to carbonates seems to increase from prairie to 
trees, except in the poorly drained biosequence. 
These relationships are in good agreement with what Smith 
et al> wrote in 1950 {41, p. 168)t 
The first perceptible morphologic change from the 
Prairie to the Gray Brown Podzolic soil is either 
an increase in th© degree of development of the 
structural aggregates in the B horizon in the well 
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drained soils or the appearance of light and then 
heavy gray coatings in th® lower part of the A hori­
zon of moderately well drained aolla«»»«'rhe next 
stage is the development of the (Jray Brown Podzolic 
Ax and Ao horizons overlying a B horizon which has 
nearly the normal color for the Prairie soils..** 
The moat persistent evidence of a former prairie 
vegetation ia taa® presence of organic coatings on 
the structural aggregates in the lower part of the 
B horisson* 
The deeper position of the horizon of clay accumulation 
in the forested soils as compared to the transitional prairie-
trees soils seems to indicate that with increasing forest in­
fluence the upper part of the B horizon disintegrates and is 
incorporated into the A2* Stobbe (44) reported such cases 
in Gray Brown Podzolic soils of Canada. 
The toiosequence relationships Indicated by laboratory 
data were presented in Chapter III and are given in tabular 
form in Table 9. 
White (52) described as follows the first profile 
changes which occur as Brunizems are transformed to Gray Brown 
Podzolic soils by the encroachment of forestst 1) decrease in 
organic matter content, i®, per cent base saturation, and ex­
changeable Ca/Mg ratio of the lower A horizon; 2) increase in 
pH, per cent base saturation, and exchangeable Ca/Mg ratio of 
the upper A horizon; and 3) decrease in increase in clay 
content, and decrease in per cent base saturation of the B 
horizon. The next stages of transformation would accentuate 
the changes listed in 1) and 3). 
With the exception of the changes indicated in 2) they 
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Table ©• Blosequenc® relationships 
Under 
prairie 
Tran* 
sition 
Under 
trees 
„ ., miniHRim clay in A 
Ratio 1 maxiortjiQ clay iia B +++ •f+ 4-
Total C and total M 4.4>4> ++ 
C/H ratio + 44 4-
Exchangeable bases +++ ++ 4-
Exchangeable Ca (subsurface and subsoil) 4.4+ 44 4-
Exchangeable Mg subsurface soil 
Bg horisson + 
++ 
4-+ 
4-
4-4~t-
Ca/Mg ratio subsurface soil 
B horiEson 
+++ 
+++ 
+4'+ 
44. 
4-
4-
Exchangeable H in B horizon + 44. 44.4 
Per cent base saturation (subsurface 
soil and Bg horizon) 
4.4.4. 4-4 4-
pH (subaurfaoe 30 U and Bg horlaon) 444 44. 4-
horizon excepted. 
are in good agreeiaent with what was found in this study# It 
Is poaalbl© that the increase in pH, per cent base saturation, 
and exchangeable Ca/Mg ratio found in tiie upper A horizon of 
the transitional prairie-trees profiles sampled by White had 
been caused by cultivation rather than representing a step in 
the genetic evolution of the undisturbed soils. 
Clay curves of Pig. 2 and ratios plotted in Pig. 3 show 
very well the eluviation^illuviatlon processes caused by the 
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enoroachment of trees in prairie vegetatlonj the increasing 
accentuation of the leached A2 horizon and the stronger ac« 
cuimlation of colloidal material in th© B horizon are evident. 
This is also shown by the clay ratios of Table 5 and by the 
thin section study. 
franaitional soils show intermediate clay contents in the 
surface horizons and in the subsoils, intermediate clay ra­
tios, and Intermediate behavior in respect to almost all data 
considered. 
In poorly drained soils leaching processes take place at 
a full rate under trees apparently because this vegetational 
cover lowers the ground water table. Wild al. (54) have 
shown that the lowering of th® water table under forest is a 
factJ they found tfeat removal of the forest from reasonably 
well drained podzolised soils of lilsconsin converted the sites 
into semi-swamps* The processes taking place under trees in 
poorly drained soils seem to be identical to those active in 
the well drained soilsf in effect, according to Smith (40), 
Planosols may be the best guides to some of the development 
processes going on in the "normal" soils, provided both have 
low water tables, because they are subject to the least geo­
logical erosion. 
. The curves of Fig. 4 show that with increasing forest in­
fluence the mlnliaiffi percentage of clay in the A horizon d«-
*A recent study by Caine C9b) seems to indicate that the 
genetic processes in the two cases are somewhat different. 
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creaaea and the maxlBium percentage of clay In the B horizon 
increases# The first process seems to be faster in the earli­
er stages of evolution and slower in later stages? the second 
process follows an opposite variation. Two hypotheses may be 
advanced; 1) the clay leached from the surface horizon pene­
trates into deeper horizons until a sufficient mechanical im­
pedance is foraed, which then prevents further downward escape 
of clayI 2) in later stages of development clay formation in 
the B horizon ia accelerated. Only the soils of the moderate­
ly well drained bioaequence show a different orientation of 
the curves the maxiiaum clay accumulation in the B horizon de­
creases with increasing forest influence. Under this particu­
lar condition it Is possible that some lateral or inclined 
leaching of clay takes place, #iich accumulates in soil pro­
files down Itie slope rather than in the same profile. 
The total (organic) carbon and total nitrogen values of 
the three blosequencea Indicate that there is a decrease of 
the organic matter content in the profile from the prairie-
covered to 'ttie forested soils (with exception of the hori­
zon), the transitional soils having intermediate values. As 
it was shown that the horizon becomes thinner, it follows 
that the soils lose the moat organic matter in the basal por­
tion of that horizon with increasing forest Influence, part of 
which may accuBmlate as thin coatings on the surface of the ag­
gregates of the zone of llluvlation. 
The C/M ratios of the surface horizons increase, first. 
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and then decrease with increaaing forest influence. No good 
reasons were found to explain this fact. 
The increase in the C/M ratio of the subsurface horizons 
of the poorly drained soils subject to trees influence found 
in this studj seems to be an important characteristic. Kucera 
(19) analysed some Planosol profiles (Ames series?) of central 
Iowa developed under oak»hickory cover which showed the same 
trend# Possible explanations for this fact were given in 
Chapter III. 
Exchangeable bases decrease from the prairie members to 
the forested members of each blosequence. This indicates that 
the weathering rate may be more rapid under forest than under 
prairie vegetation, isfoich seems to be confirmed also in the 
thin section study* White and Riecken (53) found a higher 
base status in the surface layer of transitional soils, which 
they attributed to a greater return of bases to the surface 
layer by hardwood leaves than by aerial parts of the prairie 
grass. The transitional prairie«»for©st soils of this study do 
not show such an increase* 
Exchangeable calcium of all horizons decreases from 
prairie meabera to forested members in each blosequence. Ex­
changeable magnesium of the subsurface horizon follows the 
sMie trend. Exchangeable magnesium content of the B horizon 
shows an opposite variation} a faster release from non-
exchangeable forms is a possible explanation for this increase 
in exchangeable imgnesium, considering that the rate of weath-
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erlng la higher under forest vegetation. 
Exchangeable Ca/Mg ratios of the lower layers of the pro­
files (and also of the substirface soil) decrease from the 
prairie-covered to the forest-covered soils, as It would be 
expected. 
Cation exchange capacity carves follow closely the clay 
curves of several profiles, particularly in transitional 
pralrle-trtes and forested soils. This seems logical, since 
no sabstantlal differences have been found in the clay miner­
alogy of these soils. 
Exchangeable hydrogen increases, and per cent base satu­
ration and decrease from the prairie members to the forest­
ed members of each bioaequence. This proves, once more, that 
the intensity of the leaching processes increases in that 
direction. 
The thin section study has confirmed most of the conclu­
sions from the laboratoi^ determinations. The presence of 
oriented, relatively thick, more or less continuous, clay 
films in the B horizons, and their particular accumulation in 
aom© conatrlctions and pores, indicate that clay translocates 
from the surface layers to the llluvlal horizons. The fact of 
the horizons of clay accumulation being generally less weath­
ered than those above them reinforces that point of view, 
levertheless, clay formation in place seems to be very im­
portant in the B horizons of transitiorml and forested members 
of the poorly drained biosequence. 
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V, coNcnrsiONs 
The following eonclualona can b® made from this atudyj 
1. Th© poorly drained member of the Lester catena, de­
veloped under transition prairie-trees, and the moderately 
well drained member of the Hayden catena, developed under 
deciduous forest, predicted to occur by genetic theory, were 
found and described. 
2. The existence of the predicted units proves the va­
lidity of the theory involved in the genetic grouping of 
soils• 
3. The newly found sequence members show morphological, 
physical, and chemical characteristics which fit the continu­
ity of variation of properties expected from the sequence 
framework of soil classification. 
The Webster-Ames unit seems to be common in the area 
traversed and to have a relatively large areal distribution. 
The Hayden-Ames unit seems to have a very small areal distri­
bution and to occur in very narrow bands which can be mapped 
only on four inch to the mile or greater scale, 
5* The most Important toposequence relationships going 
from the well drained to the poorly drained members of each of 
the three catenas studied aret 
a) color of the surface soil darkens; 
b) mottling increases and gray colors, sometimes 
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tinged with blue and green, ar® more abimdantj 
0) thickness of the Ag horizon (when present) in­
crease s| 
d) grade of the platy structure of the Ag horizon 
(#i®n present) and of the subangular blocky structure of the 
B horizon increases! 
e) per cent clay of the surface soil increases; 
f) conaiatenc® of the subsoil (B) increases from 
slightly fim to very firm? 
g) depth to B horizon increases; 
h) hydrous iron oxides (disseminated throughout the 
groundmaas or as thin coatings in the well drained soils) tend 
to accumulate aa coneretiona, the number, size and darkness of 
which increase; 
1) ratios minimum clay in A/maximum clay in B de­
creases, except in the Clarion catena; 
3) datum points obtained by plotting the minimum per­
centage of clay in the A horizon versus the maximum percentage 
of clay in the B horizon lie in a strai^t line of slope close 
to 1 in the Clarion catena and approaching the horizontal in 
the other two catenas; 
k) organic carbon and total nitrogen increase in the 
Aj^ and Bg horizons and decrease in the Ag horizon (when pres­
ent) ; 
1) C/N ratio of the surface horizon decreases and that 
of the B horizon increases; 
138 
m) ©xchangeabl© calciiwi increases in the Clarion and. 
Lester catenas and decreases in the Hayden catenaj 
n) exchangeable Ca/Mg ratio of the Bg horizon in­
creases j 
o) per cent base saturation increases in the Clarion 
and Lester catenas and decreases in the Hayden catena* 
61, The toposequence relationships described were estab­
lished aasumic® the soils of each catena derived from the same 
parent material. However, some of the profiles studied have 
parent material ^ ich deviates somewhat from the commonest 
textural class {loam) of the Cary and Mankato till. Despite 
that, it is believed that moat of the relationships pointed 
out are valid as an indication of the type of variation of the 
soil properties with slope gradient which one may find under 
more uniform conditions of parent material. 
7m It is possible that the Nicollet and Webster profiles 
used in this study have received accretions of fine soil ma­
terial fro® upslope. Then, If one adheres to a strict defini­
tion of toposequence, those soils have to be excluded from the 
Clarion toposequence and grouped into a lithosequence or even 
into a llthochronosequence# The same may be true for the 
drainage equivalent members of the other two catenas, although 
to a much smaller degree# 
8# The most important biosequence relationships going 
from the soils developed under prairie to the soils developed 
under deciduous forest arei 
1S9 
a) percentage of clay and thickneaa of the A]^ horizon 
decreaseJ 
b) atructur© of the horizon changes slightly frcan 
granular to platy, and light gray flecks appear In the lower 
part of the horizoni 
c) the A2 horizon, absent under prairie, shows In­
creasing ttilckness, value of color, and grade of structure; 
d) light gray flecks on the surface of the peds of 
the horizon, absent under prairie, become more numerous; 
e) thickness, chroma of the inside part of the peds, 
grade of structure, abundance of organic coatings, and abun­
dance, continuity, and thickness of clay films on peds of the 
B2 horizon Increase; 
f) depth to horizon of maximiun clay accumulation de­
creases and then increases; 
g) assuming ttiat the forest has been influencing the 
soils studied for about the same length of time, the rate of 
Increase of clay translocation from the prairie to the forest­
ed soils seems to be slightly slower under poorly drained con­
ditions, #iere the formation of clay in place appears to give 
a larger contribution to the total clay content of the B hori­
zon than in the well and moderately well drained soils; 
h) depth to carbonates increases, except in the poor­
ly drained blosequence; 
i) ratio: minimxim clay in A/maximum clay in B de­
creases; 
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3) organic carbon and total nitrogen values decrease 
(except in the Ai horizon)? 
k) C/N ratio increases, first, and then decreases; 
1} exchangeable bases decrease; 
m) exchangeable calcitM decreases; 
n) exchangeable magnesium of the subsurface horizon 
decreases and that of the B horizon increases; 
o) exchangeable Ca/Mg ratio of the B horizon de­
creases; 
p) exchangeable hydrogen of liie B horizon increases; 
q) per cent base saturation of the subsurface soil 
and of the Bg horizon decreasesj 
r) pH of the subsurface soil and of the B2 horizon 
decreases# 
9» The presence of oriented clay films on pore walls, 
channel sides, aggregate surfaces, and channel constrictions 
in t±ie B horizon, as it was observed in thin sections, seems 
to be evidence of clay translocation from the upper to the 
lower horizons of the sola of the soils studied. 
10• The poorly drained soils of the Lester and Hayden ca­
tenas do not follow the common pattern of decreasing C/N ratio 
with depth; they show an incpease of this ratio in the Ag 
horizon, which is not due to an increase of the organic ceupbon 
content lw.t rather to a rapid decrease of the nitrogen con­
tent • 
11# The toposequence and biosequence relationships de-
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aorlbed prove that th® continuous and gradual variation of the 
soil properties expected from the similar continuity of varia­
tion of th© environmental factors of soil fomatlon is a fact, 
and that the genetic grouping of soils, giving ©mphaals to 
that continuoua and gradual variation. Is aound and very uae-
ful. 
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